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ABSTRACT




Dr. Darrell Pepper, Examination Committee Chair 
Professor o f Mechanical 
U niversity o f Nevada, Las Vegas
The simulation o f contaminant transport through the subsurface is a very useful way 
to effectively design mitigation methods for cleanup and prevention o f the deterioration 
o f groundwater.
The GW ADAPTS code is developed using the fmite-element method and mesh 
adaptation to simulate groundwater flow  and contaminant transport. The formulation is 
based on the equations for conservation o f mass, Darcy’ s law fo r an anisotropic medium, 
and the time-dependent species transport equations. Petrov-Galerkin weighting o f  the 
advection terms provides numerical stability. An exp lic it time marching scheme is used 
to solve the transient equations. B y u tiliz ing  unstructured adaptive meshing, 
concentration is accurately resolved.
Benchmark cases were used to check the feasibility o f  GW ADAPT3. The results o f 
the test cases from GW ADAPT3 were also compared w ith  results from FEFLOW  and 
FEHM.
iii
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A  simulation o f the Yucca Mountain Repository site was made using GW ADAPT3. 
The simulation was run on the SGI-02 and the SGI-Cray origin 2000 located at U N LV .
I V
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CHAPTER I 
IN TR O D U C TIO N
Groundwater is a very important resource fo r human beings. In the western United 
States, groundwater accounts fo r 46% o f the public water supply and 44% o f the 
industrial use and this number is projected to get larger by 2000 (Freeze and Cherry, 
1979).
A t the same time, the population growth and industrial and agricultural production 
since the Second W orld War, coupled w ith  the resulting increased requirements for 
energy development, have begun to produce quantities o f waste that are greater than the 
environment can easily absorb. Fresh groundwater, which a few decades ago was 
relatively unblemished by man’s activities, is gradually becoming degraded. Groundwater 
pollution has become a problem expanded to v irtua lly  all countries.
Unfortunately, problems o f groundwater quality degradation are in many ways 
d ifficu lt to overcome. Because o f the heterogeneity inherent in subsurface systems, zones 
o f degraded groundwater can be very d ifficu lt to detect. Often by the time subsurface 
pollution is conclusively identified, it is too late to apply remedial measures that would 
be much benefit. Groundwater numerical modeling is a great way to resolve this problem 
to a great extent.
Groundwater modeling is a computer-based methodology for mathematical analysis o f 
the mechanisms and controls o f groundwater systems, and fo r the evaluation o f human-
1
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2induced changes in such systems (Hromadka, 1981). In addition to satisfying scientific 
interest in the workings o f subsurface flu id  flow  and fluid-related mass-transfer and 
transformation processes, models assist in analyzing the responses o f subsurface systems 
to variations in both existing and potential new stresses. Models play an increasingly 
dominant role in determination o f the physical and economical effects o f proposed 
groundwater protection policy alternatives, and thus in the protection o f human and 
ecological health. Furthermore, computer models are essential tools in the screening o f 
alternative remediation technologies and strategies in cleaning up groundwater systems 
polluted in the (recent) past, in the sound design o f groundwater resource development 
schemes for water supply, and for other land use modifications affecting groundwater 
system.
Basically, there are three techniques, the fin ite  element method, the fin ite difference / 
fin ite  volume method, and the boundary element method, that can be applied to model 
groundwater flow  and contaminant transport. The FDM /FDV method is the simplest one 
o f the three methods to program. But it has a main serious drawback in practical 
engineering problems when dealing with awkward irregular geometry. The BEM can 
easily accommodate geometrically complex boundaries and need less data preparation 
time. But it is less established and commercially developed, its mathematics is 
unfam iliar, and it can’ t keep its accuracy fo r the problem whose interior part o f the 
problem is non-linear. The FEM now has become widely used to solve regional aquifer 
problems. The reasons for its popularity are due in large part for its advantages:
• Ease o f using an arbitrary mesh discretization.
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3• Ease o f incorporating boundary conditions w ithout special gradient 
approximations
• Ease o f dealing w ith  heterogeneous-anisotropic domains.
Finite-element methods are especially flexible and e ffic ient fo r discretizing the regions 
around complex configurations. Unfortunately, such methods can generate high aspect 
ratio elements that are not suitable fo r maintaining smoothness and regularity required fo r 
groundwater simulation. The adaptation method is becoming w ide ly used now to resolve 
this problem. Generally, the combination o f adaptation w ith  the fin ite  element method 
results in regions within the computational domain that contains fine mesh structure at 
low  aspect rations, which lead to more accurate solutions.
In this research, a 3-D adaptive fin ite  element technique is used to solve fo r steady 
state flow  and transient contaminant transport in porous media. The first step is to prepare 
a conceptual model consisting o f  a list o f the physical and chemical processes and 
translate the conceptual model into mathematical terms. This is discussed in Chapter 2. 
The basic concepts o f the fin ite  element method and adaptation are presented 
subsequently in Chapter 3. The application o f the method to problems o f groundwater 
flo w  and solute transport is discussed is Chapter 4. along w ith an introduction o f  
G W A D  APT 3 code. Last, the numerical model is verified by comparing two sample 
outputs and results from other commercial codes along w ith analytical solutions, 
including a simulation o f unsaturated flow  unique to the Yucca Mountain Project, 
currently under construction fo r nuclear waste storage.
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CHPATER 2
G R O U N D W ATER  M O D ELIN G  
Introduction
The endless circulation o f water among ocean, atmosphere and land is called the 
hydrologie cycle. The interest in  this research focuses on the subsurface portion o f the 
cycle. The subsurface water, w hich  exists beneath the water table in soils and geologic 
formations, is called groundwater.
Groundwater originates as in filtra tion  from  precipitation, stream flow , lakes, and 
reservoirs. Figure 1 illustrates the subsurface distribution o f water. A fte r entering the 
ground, the water flows vertica lly  down through the zone o f aeration by gravity.
The water in this zone, which saturates the porous soil or fissured rock, is defined as 
groundwater. Its horizontal movement is controlled by the hydraulic gradient, and it 
trends to flow  downgrade w ith  little  vertical m ixing. To understand groundwater, the 
fo llow ing concepts are important.
• Aqu ifer
Aqu ifer is defined as a saturated permeable geologic unit that can transmit significant 
unconfined or confined, depending on the presence o f a water table.
•  Permeability
The ab ility  o f a porous medium to transmit water is called permeability.


















Figure 1. Distribution o f subsurface water between the zones o f aeration and saturation. 
• Porosity
A  permeable geologic formation has sufficiently large pores or fissures to allow  




where Vv is volume o f voids and V  is total volume o f soil.
•  Water table
Water table is defined as the surface on which the flu id  pressure in the pores o f  a 
porous media is exactly at the same pressure as the atmospheric.
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•  Hydraulic head 
h=Z+'P
h is hydraulic head; Z is elevation head and W is pressure head.
•  Darcy’s law
In 1856, Henry Darcy, a French hydraulic engineer, published a report on the water 
supply o f the c ity o f Dijon, France. In the report, Darcy described a laboratory 
experiment that he carried out to analyze the flow  o f water through sand. Darcy 
generalized the result o f his experiment into an empirical law now named in his honor. 
This law is generally considered as the basis o f groundwater hydrology science.
Darcy’s law can be expressed as
■ux =  i g | X  
dx
3h
U y  —  K y — —
dy 
_  dhUz — Kz----
dz
where Ux. Uy. UzUre the velocities in x,y,z direction, Kx. Ky, K^are hydrolic conductivity 
o f the aquifer, and h is head o f the flow .
Groundwater Modeling 
Groundwater modeling deals w ith the development o f  mathematical and numerical 
techniques to simulate flow  and transport in aquifer systems and to use these models to 
predict the value o f hydraulic head and concentration o f solute at specific times (Istok, 
1989). In order to apply a specific model to an actual fie ld  problem, the fo llow ing steps 
must be taken:
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1. Identify the type o f  flow  and solute transport model that should be used.
2. Identify the location o f aquifer boundaries.
3. Determine values fo r aquifer material properties.
4. Determine values and types o f boundary and in itia l conditions, and
5. Calibrate and ve rify  the model.
There are different kinds o f groundwater models, depending on the division standard.
1. Based on time dependence, there are steady state flo w  and transient flow , transient 
contaminant transport models.
2. There are porous flo w  and fractured flow  models.
3. There are saturated and unsaturated models.
4. There are one-, two-, and three- dimensional models.
5. There are component models and integrated models.
Steady-State Groundwater R ow  Equation 
From the law o f conservation o f mass fo r steady-state flow;
net inflow =  net outflow  
Using a Taylor series approximation, the net rate o f  in flow  in the x direction is:
net rate o f in flow  in x direction =  pUx -  [pUx +  ^ ^ (p u x ) ]
o x
=  - — ( p U x )
ox
and the net rate o f in flow  in the y  and z directions are — ^ (p U v )  and - - ^ ( p u z , .
dy dz
respectively, p is density.
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l l J x
pUy +  -^ (p U y )
Figure 2. Control volume for groundwater flow  through porous media
Combining net rates o f in flow  in x, y, and z, the flow  equation is:
—— (ptJx) — (puy) — T— (P"Uz) = 0 (2-1)
dx dx dx
From Darcy’s Law, the groundwater velocities are 
_  dh
“Ux — —Kx ——
dx
Uy =  —K x  —— ( 2 - 2 )
dy 
_  dh
Uz — —K x  ——
dz
where Kx, Ky. Kz are the hydraulic conductivity in the x, y, and z directions respectively 
and h is the hydraulic head.
Assuming the density o f groundwater is constant, and substituting Eq.(2-2) into 
Eq.(2-1), the steady-state, saturated flow  equation becomes
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9^ ( K x ^ )  - A ( K y ^ )  - =  0 (2-3)
d x  dx  d y  d y  dz dz
or
V  • (KVh) = 0
I f  the porous media is not saturated, the value o f hydraulic conductivity at a point is a 
function o f the pressure head o f the water in the voids at that point.
K  =  K (v )
where W is the pressure head. Substituting this into (2-3), the steady-state, unsaturated 
flow  equation is
~ 3 —) ———(Ky(t|f)——) —-— (K 2 (\|/)——) =  0 (2-4)
o x  dx dy dy dz dz
Transient Groundwater Mass Transport Equation 
I f  F x ,  F y , and F% are the three components o f solute entering the control volume, 
sim ilar flow  balance can be written, i.e.,
net rate o f solute inflow  =  — —  (Fx) - - ^ ( F y )  — — (Fz)
d x  d x  dx
In porous media, solute transport occurs by three processes: advection, diffusion, and
mechanical dispersion.
1. Advection
Advection is the process by which solutes are transported by the bulk motion o f the 
flow ing groundwater.
Fx)AdvcCK>n — *UxC
F x ) A d l ; i :m " = Ü x Ô ''^  ( 2 - 5 )
Hy)Adveciim =  UyC 
F"z) Advcciim — UzC
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Where C is the concentration.
10
► dy
Figure 3. Control volume for groundwater mass transport through porous media 
2. D iffusion
D iffusion is the process by which solutes are transported by the random thermal 
motion o f solute molecules.
F x )D if fu .s io n  —  — D  * ---------
dx
C  \  p . *rv jD if fu s io n  -  — D  ^ --------
ay
(2-6)
F z ) D i lT u s io n  =  — D  *
. a c
dz
where D is the solute’s scalar d iffusion coefficient.
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3. Mechanical Dispersion
Mechanical dispersion is the mixing or spreading process caused by small-scale 
fluctuations in groundwater velocity along the multitude o f tortuous flow  paths with 
individual pores.
Hu ) MechanicalDLspersiiin —- —Dxx ——(0C) — D\v-----(0C) — Dxz---- (0C)
OX ' dy dz
Hv)MechanicalDispersion =  Dvx ——(0C) — D\-v-----(0C) — Dvz-----(0C) (2-7)
dx " dy ' dz
Hz ) Mechanical Dispersion =  —Dzx ——(0C) — Dzy----- (0C) — Dzz----(0C)
dx dy dz
where Dxx, D^y ... Dzz, are the coefficients o f mechanical dispersions and 0 is the 
volumetric water content o f the porous media.
Substituting Eqs. (2-5), (2-6), (2-7) into the net rate o f solute in flow  equation and
w riting  the rate o f change o f solute mass in the control volume as , the solute
dt
transport equation fo r saturated nonuniform flo w  can be expressed as (where 0=1) 
dC  _ ^  d -C  , ^  d -C  d-C  , ^  d -C  , _  d -C  ,
■ —  D x x  —  +  D x y  — — — h  D x z -------------------- k  D y x -— ---------------- h  D y y -
d t d x "  d xd y  dxdz  d yd x  ' d y "
D „  +  D „  2 ^  + D., 2 ^  +  -
d ydz  dzdx dzdy d z "  dx e
dy 8 dz e 8
(2-8)
where 8 is porosity; pb is bulk density o f the porous media; IQ is the equilibrium 
distribution coefficient; A. is decay constant fo r the solute. The last term o f Eq. (2-8) 
comes from the solute radioactive decay or b iological degradation (Istok, 1989).
Eq. (2-8) can be w ritten in more compact form  as:
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—  = V  • (DVC) -  V( VC) +  S 
d t
where S is the source term.
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CHAPTER 3
FIN ITE ELEM ENT M ETHO DO LO G Y 
Introduction
The finite element method is a numerical technique that gives approximate solutions 
to differential equations that model problems arising in physics and engineering. The 
fin ite  element method requires a problem to be defined in geometrical space using a fin ite 
number o f smaller unstructured regions. Over each finite element, the unknown variables 
are approximated using known functions. The governing equations simulated in the 
fin ite  element method are integrated over each fin ite  element and the operations summed 
over the entire domain (Pepper and Heinrich, 1992).
Before the mid 1970s, the fin ite  element method was used principally for structural 
problems. However, a virtual explosion in the usage o f the method has evolved since the 
mid 1970s. The versatility o f the method and its underlying rich mathematical basis were 
recognized by others fo r applications in nonstructural areas, e.g. heat transfer irrational 
flu id  flow, species transport, and other related areas.
There are mainly two methods utilized in formulating the finite element method: the 
Raleigh-Ritz method (Raddy, 1984) and the G a lerk in ’s method (Pepper and Heinrich, 
1992). The Raleigh-Ritz method can’t be applied in  fluid-related problems involving 
advection. Most practitioners now employ the method o f weighted residuals conceived by 
Galerkin in the early 20'*’ century.
13
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W eak Statement 
In order to numerically solve the partia l d ifferential equation 
F (T (x ,y ,z ) )= 0
where F is the function relationship o f T , and T  is the interested physical variable. The 
beginning should be from  making this approximation
T '( x ,y ,z )  =  ^ T iN i ( x , y , z )
i= I
where Nj is the shape function for node i. T; is the unknown value o f  the variable at node 
i.
A  residual R is produced from the approximation T* such that 
R (T, X ,  y, z) =  F(T* (x, y, z))
This residual doesn't vanish at every point, no matter how small we make the grid or 
how long the series expansion o f the assumption. The weighted-residuals method states 
that the residual, when multiplied by a weighted function, W (x,y,z), and interpolated over 
space, permits the weighted expression to vanish, i.e.
JJJW(x,y ,z )R(x ,y ,z)dV = 0  (3-1)
V
In the Galerkin method, the weights are set equal to the shape function. In this way, a 
series o f equations are generated w ith  the number o f equations equal to the number o f 
unknowns.
When solving Eq.(3-1), Green-Gauss theorem ( i.e ., principle o f  integration by parts) 
is used for the second-derivative term w hich makes Eq.(3-1) into a "weak”  form 
containing only first derivatives. We can use a three-dimensional problem to illustrate the 
above procedure.
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Suppose that
R (x ,y ,z )  =  K ( ^  + | ^  +  | ^ )  
3 x ' dy-  dz-
Substitute into Eq. (3-1)
^ J W ( x , y , z , K ( 0 . 0 . 0 M V  =  O
A fte r applying the Green-Gauss theorem,
+ + ^ n j d s . 0
where nx,Uy,nz are the normal vectors. Notice that the second derivative terms have been 
reduced to first derivative, and the flu x  (normal gradient) established along the surfaces.
Shape Functions
In the fin ite element method, an approximation o f the distribution o f the unknown is 
made over each element using known, predetermined functions o f the independent 
variable x, y and z. The functions are denoted by N (x,y,z). For example, the head can be 
expressed as
h (x ,y ,z )  =  h iN i(x ,y ,z )4-h zN zfx ,y ,z ) + . . .hnNn(x,y,z) = ^  N ;(x ,y ,z )h ;
i= t
where n is the number o f nodes in  an element. The function Ni (x,y,z) is called the shape 
function. As the shape function is defined using the element's size and shape, it is 
generally different for each element in  the mesh. In groundwater flow and mass transport 
modeling, linear, quadratic, and cubic polynomials are the most common type o f shape 
functions. For example, the shape function o f a 3-D, trilinear hexahedral element is:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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'N , ■ '1 X, y. z, x,y, x,z, Y,z, ^iY,z, a.
.N s . _1 Xg Ys ^8 ^sYs ^8^8 YgZg ^8Y gZg «8
where devotes the unknown variable at each node location (Pepper and Heinrich, 
1992).
£
Figure 4. Natural coordinate system fo r the hexahedral element
Using a natural, element centered coordinate system, the shape functions for the 
hexahedral element can be expressed as:
'N i ' ■ ( l - ^ ) ( l - r i ) ( l - 0 ‘
Nz ( l + ^ ) ( l - T i ) ( l - 0
N j ( l+ ^ ) ( l+ r i ) ( l - C )
N4 _ 1 (1 -^ ) (1 + T i) ( l-C )
N5 ~ 8 ( l - § ) ( l - r | ) ( l  +  0
N6 (l +  ^ ) ( l - r | ) ( l  +  0
N t ( l+ ^ ) ( l4 -n ) ( l  + 0
N8 _ ( l- ^ ) ( l+ T |) ( l  +  0
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Isoparametric transformations are used to transform the three-dimensional element 











a ; â c .




dNi = .r' dNi
dy dq
dNi dNi
_ dz . L a d
Discretized Groundwater Equations 
• Steady-state, saturated flow  equation
The 3-D  form o f the equation fo r steady-state groundwater flow  through saturated 
porous media can be written in term o f hydraulic head as
A ( k . A )  + + | - ( k Æ )  + q =  0
dx dx dy dy dz dz
where q is the source term fo r flow .
(3-2)
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First, assume an approximation
h ' N i" hi (3-3)
i=l
where h"^  is the approximate solution fo r hydraulic head w ithin element e, n is the number 
o f  nodes within an element, and h, are the unknown values o f hydraulic head for each 
node w ithin element e.
Secondly, substitute Eq. (3-3) into Eq. (3-2). The residual at node i is
R i" = -J J J w /(x ,y ,z ) dxdydz
(3-4)
where W / is the weighting function for node i and the lim its o f integration are chosen to 
represent the volume o f element e.
In Galerkin’s method, the weight function fo r each node in the element is chosen to 
be equal to the shape function, W / = N f  . Changing Eq. (3-4), the residual 
approximation becomes
dx dy
-J J jq '"  Ni"’dxdydz
Using Green's Theorem, the weak statement form  o f Eq.(3-5) becomes
dxdydz
(3-5)
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R— IJJ dx dx dy dx dz dxdydz
+ J | jN | 'q 'd x d y d z - J jN , 'K , i=l
dx
d y d z - J jN i ‘ K,








Rewriting in terms o f matrix expressions (ignoring the implied summations), a 
diffusion matrix [k^ ] can be subsequently be written as
dN j dN, dN,
d N /  dN









The boundary flux  term becomes
f = f N / K / - ^ ^ d s  n = x ,y ,z  
,c dn
and the source term is
q = I  N /q  "dxdydz
s'
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' r ; ' h . f . q , 0
=  [ k " ]
h n . A .
► ---- *.
. q n .
. = . :  F 
0
Rearranging to obtain an overall global stiffness matrix, the resulting equation can be 
written in  simpler matrix form as
[KKh} = {F } - { q }  (3-10)
where [K ] is the global stiffness matrix, {F> is the flux term, and {q> is the source term. 
Note that the [K ] matrix denotes the sum o f the coefficients o f all the matrix expressions 
associated w ith the unknown values o f h.
•  Discretized groundwater equation o f mass transport 
From Eq. (2-7)
d C _ ^  d-C ^  d-C ^  d-C ^  d^C ^  d-C
—  D x x  — r  +  D x y  ——   F  D x z  ——  -------F  D y x  — —   F  D y y --------- —  - F
d t d x "  d xdy  dxdz d yd x  dy
) y z  +  D z x  ^ - F  D z y  +  D z z  -  ^  ( — :
dydz dzdx dzdy dz d x  e
± ( Z Z £ , _ ± ( Z ^ ^ ) _ X ( C  +
dy e dz e e








The consistent mass matrix, [M ], is a symmetric, sparse matrix, representing the time 
dependent term. The consistent mass matrix requires an im p lic it solution technique, e.g., 
Guass elim ination or LU decomposition. Using mass lumping, one can obtain a fu lly  
explicit algorithm for the finite element method.
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A  lumped mass matrix is defined as
where the off-diagonal terms in the consistent mass m atrix are " ro w "  summed to produce 
a single, diagonal value, i.e..
mj- =
0 i f  i #  j
^ m ; .  i f  i =  j  
IH
Furthermore, the inverse o f M*, (M ‘)‘ ‘ , becomes
m.;
i f i ^ ]  
i f  i =  j
Fo llow ing sim ilar procedures fo r steady-state groundwater flow , the transport 
equation fo r contaminant transport can be expressed in matrix form  as:
dN," d N /  dNV
dx dy dz
dN „" dN„' 
dx dy dz
D x x D x y D
D „ Dyx yy
D „ D z y D
yz
V'-'
N /  N /  N /












^x“’ 0 0 'd N / d N / '
e dx dx
0
It,." d N / d N /
0
e dy dy
0 0 ^ z ' d N / d N /
e dz dz J
dxdydz
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N.
N. N . jlxdydz
{ f } = n
N„
N,
[n . N Jlxdydz
(3-11)
To discretize the time derivative term for {C>, we use a simple, explicit forward in 
time marching scheme,
C(t +  A t ) - C t  
At
where t means time.
= [M '] - '[ ( [D ]+ [A ] ) {C } + { f } ]
Choleski Method fo r Symmetric M atrix 
There are several numerical methods that can be used to solve the system o f linear 
equations,
[k ][x }  =  {b }  (3-12)
In selecting a method for use in solving the equations o f groundwater flow  and mass 
transport, the fo llow ing criteria should be considered: (Istok, 1989)
1. [K ] is diagonally dominant, banded and sparse.(when not lamped as in [M ])
2. For each matrix [K ] we may wish to solve Eq.(3-12) for several different right-hand 
side vectors {B  >.
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The solution o f  large sparse linear systems consists o f  a collection o f iterative 
methods. But in contrast to the dense matrix case, there is no single iterative method that 
can solve any given sparse linear system in reasonable time and w ith reasonable memory 
requirements. In principle, many o f the methods solve a given system in at most n 
iteration steps, where n is the order o f the linear system. A  major problem with iterative 
solution methods is that their speed o f convergence depends on certain properties o f the 
linear system, and these properties are often unknown in  practice. This makes it d ifficu lt 
to make the right selection o f a method.
Choleski is a w ide ly used method to solve systems o f linear equations when [K ] is 
symmetric and positive definite.
[K ] can be decomposed into the product o f an upper triangular matrix and its 
transpose.
[K]=[uf[u]
where the entries o f  [U ] are given by
Uij =
r  i-i V -
k = l 
i-1
• = J
u,j = ------------  , i < j
U ij= 0 , i>  j
The fundamental concept is that [U ] can be computed directly, without solving 
simultaneous equations (thus without using Gauss elim ination). The method needs about 
n V 3  operations—about ha lf as many as the Gauss elim ination.
Once the symmetric matrix [K ] has been decomposed, the solution o f the equations 
fo r any choice o f {b }  is very simple. Because [K ]= [U ]^ [U ] we can write
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[k ]{X> =  {B> = [ U f  [U ]{X> =  {B }  
Then, by defining a vector {Z }  as 
[U ]{X } =  <Z> 
we can write
[U ] \Z > = { B >
The entries in [U ] become
Un U,2 u,„
0 •••
[U ] = 0 0 U3 3 -
0 0 0 •••
the entries in [U ]^  are
[ u r  =
U . n  U z n  " 3 n
and Eq. (3-14) can be written
u,,Zi = b, 
= b.
U,i 0 0 0
U,2 U22 0 0
U,3 U23 U33 0
(3-13)
(3-14)
U.nZ,  + U 2„ z „ + - -  +  u „ „ z „  = b „
which can be solved fo r the values in {Z }  using
Z: =
f  i- i 
t>i
k = l i = 1 to n
U : :
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After we have computed the values in { Z }  we can solve fo r the values in {X >  using 
Eq(3-13), i.e.,
U , , X ,  + U , 2 X 2 - F U , 3 X 3 + - - - + U , „ X „  = Z ,
^ 2 2 ^ 2  ^ "^ 2 3 X3  4 I" ^ 2^X^
U3 3 X3 + - "  + u ,„x „  =  z.3n n
UnnXn =
The solution is given by 
r I-I
Z n + I —Ï U  n + l —i.n^
k = [
l-k^n+I'k
 ^n + l - i
U
For large savings in  computer storage, the m atrix [K ] is always saved in vector storage.
In vector storage o n ly  the entries w ithin each band are stored; the entries outside the band 
(which are all zero) are discarded. For example, a 6 x 6  matrix appears as:
[M ] =
k . 2 0 0 0 0
IC2 , ^ 2 2 ^ 2 3 0 0 0
0 k j 2 k j 4 0 0
0 0 k ^ 3 1^44 ^ 4 5 0
0 0 0 k s 4 k s 5
0 0 0 0 k & 6
Supposing [K ] is symmetric, it can be easily stored in vector from  as











-6 6  .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 4
MESH GENERATION
The first step in the solution o f a groundwater flow  and solute transport problem 
using the fin ite  element method is to discretize the problem domain. This is done by 
replacing the problem domain w ith  a collection o f nodes and elements.
Mesh Type
There are basically two types o f meshes: structured and unstructured. A  structured 
mesh consists o f horizontal and vertical lines that cross orthogonally at intersections. In 
an unstructured mesh, the physical domain is discretized using a set o f  what appear to be 
randomly placed nodes that are connected to other nodes via elements.
There are several different kinds o f element used for 3-D simulations. Four node 
tetrahedral and eight node trilinear hexahedral are the most commonly used elements. 
The tetrahedron is simple element. However it is d ifficu lt to use and visualize in a 
complex 3-D mesh, and is considered to be less accurate than hexahedral when solving 
for fluid flow  and transport related problems (Pepper and Heinrich, 1992).
When preparing the fin ite  element mesh it is important to remember that the 
precision o f the solution obtained and the level o f computational e ffo rt required to obtain 
a solution w ill be determined to a great extent by the number o f nodes in the mesh. To
27
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prepare a fin ite  element mesh that provides solutions w ith  an acceptable level o f 
precision and a reasonable amount o f computational e ffo rt requires considerable patience.
1 2 2
Figure 5. T rilinear "brick" hexahedral element and linear tetrahedral element
Rules fo r Nodal Point Placement 
There are some rules fo r nodal point placement in in itia lly  discretizing the problem 
domain:
1. Place nodes along the boundaries o f the problem domain, at the location o f pumping 
wells, and other point sources o f sinks.
2. Place nodes closest together in  those parts o f the problem domain where the field 
variables are expected to change most rapidly.
3. Place nodes along the interface between two different materials.
4. Number the nodes to m inim ize the semi-bandwidth o f the resulting system o f linear 
equations. M inim ization o f the semi-bandwidth is desirable because the size o f system o f 
the linear equations created by the finite element method can be quite large and can 
exceed the storage capacity o f many computers. The semi-bandwidth fo r any mesh can be
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computed from SBW = R -f-1, where R is the maximum difference in global node 
numbering w ith in  a single element in  the mesh. An example o f node numbering is shown
12 15 18
Good
5 8 11 14 17
SBW =  R 4- 1 















8 9 10 11 12
SBW  =  R +  1 
=  7 + 1 
=  8
1 2 3 4 5 6
Figure 6. Numbering nodes to m inim ize semi-bandwidth o f system o f equations
Rules for Choosing Element Size, Shape and Placement 
There are some rules to selecting element size, shape, and placement. The size and 
shape o f the elements in a mesh are determined p rim arily  by the size and shape o f the 
problem domain, the number o f  d ifferent types o f aquifer materials, and the number o f 
nodes in the mesh.
1. Use the simplest type(s) o f  element required for a particular problem. This usually 
means that linear bar elements should be used for one-dimensional problems, linear 
quadrilaterals should be used fo r two-dimensional problems, and linear parallelepiped 
elements (hexahedral) fo r three-dimensional problems.
2. The edges o f adjacent elements must never overlap.
3. Material properties are usually assumed to be constant w ith in  an element.
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4. The shape o f the elements can affect the accuracy o f the resulting solution. In general, 
the use o f highly distorted elements should be avoided.
5. Do not change element size abruptly.
6. Take advantage o f  symmetry in the problem domain to reduce the number o f 
elements in the mesh.
Adaptation
The generation o f  h igh-quality computational grids for complex groundwater 
configurations remains an important area o f concern, hindering the routine application o f 
computational flu id  dynamics. The block-structured approach has been shown to be 
highly successful, but it  does in general require extensive user intervention and expertise. 
Alternatively, unstructured grids can be made to f it  very complex geometries in a 
relatively straightforward manner and is highly effective for grid adaptivity. Therefore, 
much progress has been made over the past few years to develop fast and robust 
unstructured grid generators.
Adaptive mesh refinement techniques have been shown to be very successful in 
reducing the computational and storage requirements for solving large-scale applications, 
because globally fine meshes are not necessary. The objective o f adaptive mesh 
refinement is to obtain quality results at a reasonable cost. Adaptive mesh refinement 
improves the accuracy o f  the solution by enriching the finite element mesh. Refinement 
o f unstructured meshes increases resolution in areas o f steep gradients, i.e. where changes 
iure occurring rapidly over time. Refinement is accomplished by concentrating nodes in
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regions where most o f the activity is occurring, and unrefinement is accomplished in 
regions where the solution is smooth (Carrington and Pepper, 1998).
Grid adaptation techniques are generally categorized into three different methods: ( 1 ) 
G rid  enrichment or h-refinement whereby points are added to regions o f large solution 
error and /or deleted from low activity areas, (2) Grid movement or r-refmement where 
the number o f points remains fixed but the points are relocated to better resolve the flow  
features and (3) Higher order method or p-refinement method where the order o f the 
solution scheme is increased. An error indicator drives all o f the techniques (Jahangirian 
1995).
R.-refinement has been shown to be effective in some cases, however, the elements 
can become severely distorted and eventually lead to divergent or less accurate solutions. 
B y far the most popular methods are h- and p-refinement. The converge o f p-refinement 
needs long time in most conditions. The h-refinement is chosen here.
h-Adaptation Rules
• Elements
1. An element may be refined only i f  its neighbors are at the same refinement level or 
higher.
2. I f  a neighbor element o f an element to be refined is at a lower refinement, it must be 
refined first.
3. Refinement o f an element results in the creation o f four subelements, and in  the 
creation o f one to five new nodes.
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4. To be unrefined, a group o f  elements must not contain another group o f elements, and 
each element o f the group to be unrefined must not be a neighbor to an element w ith  a 
higher level.
• Nodes
1. An embedded virtual node is common to two members o f a group only.
2. An embedded node that is created along a domain boundary cannot be a virtual node.
3. I f  an element and its neighbor, both o f  w hich are at the same level, are connected to a 
third element at a lower level, then embedded node, which exists along the edge 
common with the th ird  element, is a v irtua l node.
4. I f  a group o f elements is unrefined, then the embedded virtual node along the edge 
common to an element that is not a member o f  the group w ill be eliminated.
5. I f  a group o f elements is unrefined, then the node along the edge common to this 
group and its neighbor group w ill become a virtual node.
6. I f  a group o f elements is unrefined, a ll embedded nodes along a domain boundary 
w ill be eliminated.
The following figure shows the above rules explic itly . For example, element A  is 
divided into 1,2,3, and 4 as shown. Suppose element 3 needs further refinement. To 
perm it a "smooth" transition from large to small elements, no more than one virtual node 
point is permitted on any element edge. Element B then becomes refined. Further 
refinement shows element 3 being subdivided into element 9.10,11,12. The unrefinement 
process works in reverse, where the refined nodes are eliminated and the element 
removed.










4 3 8 7







4 3 8 7
1 2 5 6
C D
I
3 1211 8 79 10
1 2 5 6
C D
Figure 7. Sequence o f mesh refinements
An illustration o f the 3-D  extension o f this approach shown is Figure 8. Notice that 
each parent hexahedral produces 8 smaller hexahedrals.
Refinement criteria
Given an approximate solution on a mesh, the basic problem is to assess the error and 
locally refine where the error is too large. Ideally, the final mesh should be "tailored" to 
the solution behavior so that an effic ient computation to a specified accuracy is attained 
(Carey, 1997).




Figure 8. Refine and unrefine a 3-D mesh
There are different ways to treat error estimators, e.g. truncation error, interpolation 
error, residuals, and superconvergent projections. But these require computing 
approximations to a higher-order derivative across local adjacent elements.
In this research, analyzing simple flow  features establishes the location for element 
enrichment. The flow features are found by inspecting gradients across each element and 
relating each gradient to a normalized value found from inspecting the entire gradient 
field.
Taking the first difference o f the interested physical variable over each element 
produces the gradient across that element. In this research, the first difference o f mass
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concentration is calculated. For 3-D elements, the firs t difference is the maximum value 
found o f the difference between the nodes on each side o f the hexahedral element, i.e.
' = max(|Ci -  Cz|, |Ci -  C4|, |Ci -  Cs\, \Ci -  C3|,|C2 -  Ce], jCs -  C?|,
|C3 -  C4|, |C4 -  Cs|, |C5 -  C6|, |C6 -  C7|, |C7 -  Cs|, |Cs -  C:|)
where Ci is the i nodal value o f feature in question.
c
Figure 9. Local number o f a hexahedral element
The mean A " and standard deviation a  are computed next for all the quantities:
Â ' . - i - Ê A , '
i= l
n — I
A  normalized quantity is found by:
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Mesh refinement proceeds on those elements which have an A " value greater than a 
predetermined value, w hich is usually determined by tria l an error. The magnitude o f 
these values determines the extent to which features are resolved. The values chosen in 
this research were 0.3 and 0.8.
Process o f Adaptation
1. Define an in itia l mesh and compute values at a ll node points for this mesh.
2. Compute element error indicators to locate those elements to be refined.
3. Refine these designated elements to congruent subelements.
4. Check the adjacent elements; i f  the level difference o f the two elements is bigger than 
two, refine these elements too.
5. Return to Step 1.
Data Structure
The choice o f data structure in developing an adaptive refinement scheme is a very 
important consideration. The intent o f developing adaptive refinement algorithms is that 
the storage requirements w il l  be reduced, and solution efficiency enhanced. However, 
this may be offset by the storage "overhead" associated w ith the data structure for the 
refinement scheme and the additional computation cost on intermediate grids.
In Figure 10. the nodes in the quadtree correspond to hexhedrals in the mesh; the 
branches extend from parent elements to their refined subelements. The lead nodes 
correspond to unrefined elements in the finest mesh generated at a given refinement level 
(Carey. 1997).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
level 0
sonl son 2 son 8 level 1
j+1 j+2 j + 3 ^ \ ^
level 2
Figure 10. Quadtree data structure fo r subdivision o f  hexahedral element
The in itia l element i is at level 0, and refinement introduces new elements at 
subsequent levels, as indicated in figure 10. The new element number is given by the 
order o f existing element. An array named child can be used to associate the element i 
w ith son 1 to son 8,and so on to further level i f  needed. The level index o f a new element 
is obtained by incrementing the level index o f the father element by 1, e.g. level index 
IG )=l[fO )]+ l where i=fQ') is the parent element o f element j.  When an element is refined, 
it becomes "inactive" and won’t  jo in  the calculation. The set o f leaf elements consists o f 
the current active elements at the end o f  a given refinement step. In Figure 10, only two 
elements have been refined at level 1, so there are 22 active elements: 16 at level 2 and 6 
at level 1. Note also that a refined grid can be coarsened by deleting the subelements and 
reactivating the parent. The mesh refinement algorithm requires appropriate data 
management techniques for monitoring the neighbors and carrying out the refinement 
step. An array named adjacent is used fo r this.




GW ADAPTS is the name given to the resulting finite element code with h-adaptation 
to simulate 3-D groundwater flow  and mass transport. The prim ary use o f GW ADAPT3 
application is to assist in the understanding o f subsurface flow  fields and mass transport.
GW ADAPT3 is written in Fortran and runs best on SGI-Cray origin on 
supercomputer and U N IX  workstations. Its features include:
Physical:
1. Steady-state flow, transient transport.
2. Convective and dispersive contaminant transport, in which the chemical species 
maybe subject to adsorption and reaction.
3. Confined saturation or unsaturated groundwater flow.
4. Different kinds o f boundary conditions including Dirichlet, Neumann, sink and well. 
Numerical:
1. Finite element method.
2. Galerkin-FEM and optional h-adaptation.
3. Hexahedral meshes.
4. Im plic it method for groundwater flow  head and explicit method for transient mass 
transport.
38
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5. Automatic h-adaptive mesh refinement strategy.
Structure o f GW ADAPT3
(see Figure. 11 )
Verification and Benchmarking 
For checking the accuracy o f G W ADAPT3, results from G W A D A P T3 are compared 
w ith analytical solutions o f known problem configurations for benchmarking codes, and 
w ith  results from two other well known and w idely used groundwater flo w  and transport 
codes, FEFLO W  and FEHM . FEFLQW  is a commercial, 3-D code sold by Waterloo 
Hydrogeologic, Inc.(FEFLOW  manual). FEHM  is a popular, 3-D code fo r saturated and 
unsaturated porous media developed by Los Alamos National Laboratory (FEHM 
manual).
The problem used to check the feasib ility  o f GW ADAPT3 is a simple geometry with 
homogenous, isotropic and uniform fixed boundary conditions. The mesh was generated 
by FEFLOW.
• Case 1 : Advection-Dispersion-Decay problem
100m
Figure 11. Geometry o f benchmark case 1
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Figure 12. Structure o f GW ADAPT3
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K  ^  =  K y y  =  K z z  =  10 ms
£ = 0.3
D , =10-"m "s-'
3, =5m  
3, =0.5m
Boundary Condition:
Side 1-4-5-8: h=20m, C = lm g /I 
Side 2-3-6-T: f=0.1m-/d
Table 1 .Comparison o f results among different software at t=500days





C l mg/1 C l mg/1 C2 mg/1 C3 mg/1 C4 mg/1
1 5 0.86111 0.86040 0.86051 0.86053 0.86053
2 10 0.74150 0.74061 0.74048 0.74039 0.74040
3 20 0.54983 0-54871 0.54831 0.54842 0.54841
>te: Obs is observation points; G W ADAPT3( I): without ac aptation ; G W ADAPT3
with adaptation.
Table 2.Avereage relative difference o f results among different software at t=500days
Analytical FEFLOW FEHM
GW ADAPT3 (1) 0.10% 0.10% 0.10%
GW ADAPT3 (2) 0.03% 0.03% 0.03%
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• Case 2: Gauss Plume
4m
100m 30m
Figure 13. Geometry o f benchmark case 2
Materials Properties:
K =  K y y  = K z z  =  10 ms-I
6 =  0.3
D j =10 'm 's - '




Side 1-4-5-8: h= 100m 
Side 2-3-Ô-7: flux=0.1m"/d
2.contamint
Element 53: contaminant source q=10mg/l.
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Table 3.Comparison results among different software at t=100days





C l mg/1 C l mg/1 C2 mg/1 C3 mg/1 C4 mg/1
1 5 55.288 56.398 54.312 54.491 55.489
2 10 44.452 46.471 43.176 43.709 44.732
3 15 27.778 27.763 26.982 27.901 28.916
Note: Obs. is observation points.
Table 4.Avereage relative difference o f results among different software at t=100days
Analytical FEFLOW FEHM
G W AD APT3 (1) 3% 1% 1%
G W AD APT3 (2) 5% 3% 4%
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Figure 14. Original mesh o f benchmark case 1
(Nodes: 246 Elements: 80)
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Figure 15. Adapted mesh o f benchmark case 1 (level 2) 
(Nodes: 2049 Elements: 1354)



















Figure 16. Concentration comparison between FEFLOW  and GW ADAPT3 o f
benchmark case 1  (un it mg/'l)
Hood: G W ADAPT3, Line: Feflow
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Figure 17. Original mesh o f benchmark case 2
(Nodes 656 Elements:360)
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Figure 18. Adapted mesh o f benchmark case 2 (level 1 ) 
(Nodes: 1263 Elements:864)
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Z.S5
Figure 19. Concentration distribution in x -y  plane o f benchmark case 2 (FEFLOW , un it
mg/1 )
SPC: -1.73925 23B77 753365 12.t996 16J8656 21.5315 28.1375 30.663435.5Z34-M.1353 W.8BI3 W.527Z 5^1932 59JB591 63J5Z51
Figure 20. Concentration distribution in  x-y  plane o f benchmark case 2(G W ADAPT3 no
adaptation, unit mg/1 )
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Figure 21. Concentration distribution in x -y  plane o f benchmark case 2 (GW ADAPT3
w ith  adaptation)
Calibration
In order to check GW A D A P T S ’s ab ility  to conform to reality, a set o f  empirical data 
o f Yucca Mountain was used to test the model.
Background o f Yucca Mountain Project 
Spent nuclear fuel is the radioactive by-product o f making e lectric ity at commercial 
nuclear power plants and high-level radioactive waste is the by-product from production 
at defense facilities. In 1982, U.S. Congress established a national po licy  to resolve the 
problem o f nuclear waste disposal. In 1987. Congress amended the Nuclear Waste Policy 
Act and directed DOE to study Yucca Mountain as the location for consideration as a 
potential repository site. The physical characteristics that render Yucca Mountain a 
suitable site for waste disposal include:
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1. Its remote location and long distance from a large population center— Las Vegas.
2. Its very dry climate.
3. Its extremely deep water table.
Since the radioactive materials are extremely hazardous and have lives, disposal 
measures must meet the highest standards o f containment and safety. But there is s till 
doubt about the potential leakage o f the radioactive materials into the soil and 
groundwater. GW ADPAT3 is a computational tool that can be used to perform numerical 
model simulations o f radionuclide migration from the potential repository to the 
accessible environment.
Yucca Mountain M odel 
The Yucca Mountain Repository is approximately 300m above the water table. The 
stratification o f the cross section is very detailed but it  does contain very distinct layering.
The characterization o f the Yucca Mountain Repository is undergoing constant 
development and change. The information and the data needed for the making o f this 
model w ill like ly  become outdated as more information and data become available. The 
Ghost Dance Fault, which runs through the proposed repository block site, was modeled 
as an ordinary element w ith  a high vertical conductance on the order o f 1 0 0  times greater 
than the neighboring elements. The analysis occurs over thousands o f years so the water 
table should not be assumed to be at its current level during the whole analysis. An 
average head value o f the water table was calculated based on the current head and the 
highest predicted head values. The bottom o f the mesh was assigned head values fo r 
791m. A  zero hydraulic flux  constraint was used along the sides o f the mesh. A  source
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hydraulic flux was used along the top o f the mesh to simulate the water infiltration rate 
normally fo r the area, 0.1 Omm/yr.
The horizontal conductiv ity o f the various strata was approximated as being equal to 
the vertical conductivity except the Ghost Dance Fault elements. The conductivity in the 
z-direction is the same as that o f  the x-direction again. For upper tuffs the vertical 
conductivity K  ranged from  0.004 to 0.0055m/day while the low er tuffs ranged from 
0.0007 to 0.0032 m/day. A  contaminant was assumed to be leaking from a constant, 
continuous source during the entire simulation, which is h igh ly un like ly but still a 
conservative estimate.
Results
The mesh was generated by Truegrid. The number o f nodes and elements were 
in itia lly  768 and 495 respectively. The planes in the z-direction change from 0 to 150 
w ith intervals o f 50. The source is kept at the middle plane fo r z=50 and z=100. The 
solute is simulated for a 10,000-year time frame. The source was located at element 149 
w ith in  the mesh.
The concentration contours below shows the pollute is m ain ly spread in z direction, 
seldom spreads in x,y directions. In unsaturation condition, the velocity in x, y directions 
is really small (about lO'^m/d), the velocity in z direction is dominant. The biggest 
concentration after 10,000years is about 2mg/l under saturation condition and 0.13 mg/1 
under unsaturation condition, which is reasonable. The results after adaptation get more 
accurate. Now the adaptation level is two. Higher level adaptation w ill improve the 
results, but more compute tim e and computer storage w ill be needed.
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Y
Figure 22. O rig inal mesh o f Yucca Mountain model
(Nodes:768 Elements:495)




Figure 23. Adaptation mesh o f Yucca Mountain model 
(Nodes: 1979 Elements: 1495)
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Figure 27. Concentration distribution o f y-z plane o f Yucca Mountain model (adapted,
unit m g/1)
































Figure 29. 3-D concentration distribution o f Yucca Mountain Model (Adapted,
unsaturation, unit mg/1)
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CHAPTER 6  
CONCLUSIONS
A  fin ite  element method combining w ith h-adaptation has been described fo r solving 
3-D groundwater simulation flo w  and contaminant transport. This method w il l  be helpful 
to the groundwater engineer in  an effort to understand the complex problems associated 
w ith flow  in porous media.
Comparison o f results among GW ADAPT3, FEHM and FEFLOW shows good 
re liab ility  and accuracy o f G W ADAPT3. Since GW ADAPT3 has the ability to 
automatically refine the mesh, even people who do not have enough experience in 
groundwater modeling should be able to resolve mesh generation problems easily. A  
validation case shows G W ADAPT3 has the ability to work well on real world problems.
Recommendations
1. Put thermal solver into the code, because heat transport phenomena is very important 
in groundwater flow.
2. Incorporate more realistic criteria, e.g. unconfined condition, variable density etc.
3. A fte r adaptation, optimize the node numbers to m inim ize the semi-bandwidth.
4. Use a higher efficiency solver, such as the parallel solvers developed as N A S A , O AK 
Ridge National Laboratory, and the University o f Minnesota for running on the SGI 
O rig in  2000 machine.
59
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5. Permit using either im p lic it or explicit solver fo r transient cases.
6 . Use more precise model parameter values fo r the input file.
7. Using high level assumption to get physical values o f new nodes in adaptation 
process that can get more accurate results.
8 . Convert code to Fortran 90 and eventually C ++ /JA V A . A ll o f these codes have 
stronger program ab ility  than Fortran 77. Especially, the function o f pointers can 
make the data structure o f  adaptation more effic ient.
Reproduced witti permission of ttie copyrigfit owner. Furtfier reproduction profiibited witfiout permission.
NOMENCLATURE
A  : Mean deviation 
G: Concentration (m g/l)
D *: D iffusion coefficient
Dxx, Dxy... Dzz: Mechanical dispersion coefficient
e (superscript): element
f  : Flux term
H (h): Hydraulic head
J: Jocobian matrix
K : Stiffness matrix
K j: Equilibrium  distribution coefficient
Kx. Ky, Kzi Conductivity in x, y, z direction
N: Shape function
n: Number o f nodes per element
ni : Normal vector, i=  x, y, z
M : Mass matrix
ntij : terms m mass matrix
q: Flow source term term 
R: Residual term
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S: Contaminant source term 
SEW: Semi-bandwith 
t: time
V.X. Vy. Vz: Vector velocity 
Vy: Volume o f voids in soil 
V: Total volume o f soil 




Pb: Bulk density o f the porous media 
a: unknown variables 
0: Volumetric water content 
T|, Ç: Nature coordinate 
£: Porosity
Pi: Longitudinal dispersivity 
pt- Transverse dispersivity 
X: Decay constant
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APPENDIX A
INPUT FILES FOR B E N C H M A R K IN G  CASES
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Benchmark Case I:
246 41 2 3 ^numbers o f nodes
1 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
2 0 . 0 0 0 0 0 0 2 0 . 0 0 0 0 1 0 -2 . 0 0 0 0 0 0
3 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
4 0 . 0 0 0 0 0 0 2 0 . 0 0 0 0 1 0 - 1 . 0 0 0 0 0 0
5 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
6 0 . 0 0 0 0 0 0 2 0 . 0 0 0 0 1 0 0 . 0 0 0 0 0 0
7 0.549999 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
8 0.550000 2 0 . 0 0 0 0 1 0 -2 . 0 0 0 0 0 0
9 0.549999 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
1 0 0.550000 2 0 . 0 0 0 0 1 0 - 1 . 0 0 0 0 0 0
1 1 0.549999 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
1 2 0.550000 2 0 . 0 0 0 0 1 0 0 . 0 0 0 0 0 0
13 1.199998 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
14 1 . 2 0 0 0 0 0 20.000008 - 2 . 0 0 0 0 0 0
15 1.199998 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
16 1 . 2 0 0 0 0 0 20.000008 - 1 . 0 0 0 0 0 0
17 1.199998 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
18 1 . 2 0 0 0 0 0 20.000008 0 . 0 0 0 0 0 0
19 1.949997 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
2 0 1.950000 20.000008 -2 . 0 0 0 0 0 0
2 1 1.949997 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
2 2 1.950000 20.000008 - 1 . 0 0 0 0 0 0
23 1.949997 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
24 1.950000 20.000008 0 . 0 0 0 0 0 0
25 2.799997 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
26 2.800000 20.000008 -2 . 0 0 0 0 0 0
27 2.799997 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
28 2.800000 20.000008 - 1 . 0 0 0 0 0 0
29 2.799997 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
30 2.800000 20.000008 0 . 0 0 0 0 0 0
31 3.749996 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
32 3.750000 20.000006 -2 . 0 0 0 0 0 0
33 3.749996 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
34 3.750000 20.000006 - 1 . 0 0 0 0 0 0
35 3.749996 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
36 3.750000 20.000006 0 . 0 0 0 0 0 0
37 4.799995 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
38 4.800000 20.000006 -2 . 0 0 0 0 0 0
39 4.799995 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
40 4.800000 20.000006 - 1 . 0 0 0 0 0 0
41 4.799995 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
42 4.800000 20.000006 0 . 0 0 0 0 0 0
43 5.949995 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
44 5.950000 20.000006 -2 . 0 0 0 0 0 0
*node number, x,y,z location o f the 
node
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45 5.949995 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
46 5.950000 20.000006 - 1 . 0 0 0 0 0 0
47 5.949995 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
48 5.950000 20.000006 0 . 0 0 0 0 0 0
49 7.199994 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
50 7.200000 20.000004 -2 . 0 0 0 0 0 0
51 7.199994 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
52 7.200000 20.000004 - 1 . 0 0 0 0 0 0
53 7.199994 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
54 7.200000 20.000004 0 . 0 0 0 0 0 0
55 8.549994 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
56 8.550000 20.000004 -2 . 0 0 0 0 0 0
57 8.549994 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
58 8.550000 20.000004 - 1 . 0 0 0 0 0 0
59 8.549994 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
60 8.550000 20.000004 0 . 0 0 0 0 0 0
61 9.999992 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
62 1 0 . 0 0 0 0 0 0 20.000004 -2 . 0 0 0 0 0 0
63 9.999992 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
64 1 0 . 0 0 0 0 0 0 20.000004 - 1 . 0 0 0 0 0 0
65 9.999992 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
6 6 1 0 . 0 0 0 0 0 0 20.000004 0 . 0 0 0 0 0 0
67 11.549993 0 . 0 0 0 0 0 0 - 2 . 0 0 0 0 0 0
6 8 11.550000 20.000004 - 2 . 0 0 0 0 0 0
69 11.549993 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
70 11.550000 20.000004 - 1 . 0 0 0 0 0 0
71 11.549993 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
72 11.550000 20.000004 0 . 0 0 0 0 0 0
73 13.199992 0 . 0 0 0 0 0 0 - 2 . 0 0 0 0 0 0
74 13.200000 2 0 . 0 0 0 0 0 2 -2 . 0 0 0 0 0 0
75 13.199992 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
76 13.200000 2 0 . 0 0 0 0 0 2 - 1 . 0 0 0 0 0 0
77 13.199992 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
78 13.200000 2 0 . 0 0 0 0 0 2 0 . 0 0 0 0 0 0
79 14.949991 0 . 0 0 0 0 0 0 -2 . 0 0 0 0 0 0
80 14.950000 2 0 . 0 0 0 0 0 2 - 2 . 0 0 0 0 0 0
81 14.949991 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
82 14.950000 2 0 . 0 0 0 0 0 2 - 1 . 0 0 0 0 0 0
83 14.949991 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
84 14.950000 2 0 . 0 0 0 0 0 2 0 . 0 0 0 0 0 0
85 16.799992 0 . 0 0 0 0 0 0 - 2 . 0 0 0 0 0 0
8 6 16.799999 2 0 . 0 0 0 0 0 2 -2 . 0 0 0 0 0 0
87 16.799992 0 . 0 0 0 0 0 0 - 1 . 0 0 0 0 0 0
8 8 16.799999 2 0 . 0 0 0 0 0 2 - 1 . 0 0 0 0 0 0
89 16.799992 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
90 16.799999 2 0 . 0 0 0 0 0 2 0 . 0 0 0 0 0 0
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91 18.749990 0.000000 -2.000000
92 18.750000 20.000002 -2.000000
93 18.749990 0.000000 -1.000000
94 18.750000 20.000002 -1.000000
95 18.749990 0.000000 0.000000
96 18.750000 20.000002 0.000000
97 20.799992 0.000000 -2.000000
98 20.799999 20.000002 -2.000000
99 20.799992 0.000000 -1.000000
100 20.799999 20.000002 -1.000000
101 20.799992 0.000000 0.000000
102 20.799999 20.000002 0.000000
103 22.949991 0.000000 -2.000000
104 22.950001 20.000000 -2.000000
105 22.949991 0.000000 -1.000000
106 22.950001 20.000000 -1.000000
107 22.949991 0.000000 0.000000
108 22.950001 20.000000 0.000000
109 25.199991 0.000000 -2.000000
110 25.200001 20.000000 -2.000000
111 25.199991 0.000000 -1.000000
112 25.200001 20.000000 -1.000000
113 25.199991 0.000000 0.000000
114 25.200001 20.000000 0.000000
115 27.549990 0.000000 -2.000000
116 27.549999 20.000000 -2.000000
117 27.549990 0.000000 -1.000000
118 27.549999 20.000000 -1.000000
119 27.549990 0.000000 0.000000
120 27.549999 20.000000 0.000000
121 29.999990 0.000000 -2.000000
122 30.000000 20.000000 -2.000000
123 29.999990 0.000000 -1.000000
124 30.000000 20.000000 -1.000000
125 29.999990 0.000000 0.000000
126 30.000000 20.000000 0.000000
127 32.549992 0.000000 -2.000000
128 32.549999 20.000000 -2.000000
129 32.549992 0.000000 -1.000000
130 32.549999 20.000000 -1.000000
131 32.549992 0.000000 0.000000
132 32.549999 20.000000 0.000000
133 35.199989 0.000000 -2.000000
134 35.200001 20.000000 -2.000000
135 35.199989 0.000000 -1.000000
136 35.200001 20.000000 -1.000000
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137 35.199989 0.000000 0.000000
138 35.200001 20.000000 0.000000
139 37.949989 0.000000 -2.000000
140 37.950001 20.000000 -2.000000
141 37.949989 0.000000 -1.000000
142 37.950001 20.000000 -1.000000
143 37.949989 0.000000 0.000000
144 37.950001 20.000000 0.000000
145 40.799992 0.000000 -2.000000
146 40.799999 20.000000 -2.000000
147 40.799992 0.000000 -1.000000
148 40.799999 20.000000 -1.000000
149 40.799992 0.000000 0.000000
150 40.799999 20.000000 0.000000
151 43.749992 0.000000 -2.000000
152 43.750000 20.000000 -2.000000
153 43.749992 0.000000 -1.000000
154 43.750000 20.000000 -1.000000
155 43.749992 0.000000 0.000000
156 43.750000 20.000000 0.000000
157 46.799992 0.000000 -2.000000
158 46.799999 19.999998 -2.000000
159 46.799992 0.000000 -1.000000
160 46.799999 19.999998 -1.000000
161 46.799992 0.000000 0.000000
162 46.799999 19.999998 0.000000
163 49.949993 0.000000 -2.000000
164 49.950001 19.999998 -2.000000
165 49.949993 0.000000 -1.000000
166 49.950001 19.999998 -1.000000
167 49.949993 0.000000 0.000000
168 49.950001 19.999998 0.000000
169 53.199993 0.000000 -2.000000
170 53.200001 19.999998 -2.000000
171 53.199993 0.000000 -1.000000
172 53.200001 19.999998 -1.000000
173 53.199993 0.000000 0.000000
174 53.200001 19.999998 0.000000
175 56.549992 0.000000 -2.000000
176 56.549999 19.999998 -2.000000
177 56.549992 0.000000 -1.000000
178 56.549999 19.999998 -1.000000
179 56.549992 0.000000 0.000000
180 56.549999 19.999998 0.000000
181 59.999992 0.000000 -2.000000
182 60.000000 19.999998 -2.000000
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183 59.999992 0.000000 -1.000000
184 60.000000 19.999998 -1.000000
185 59.999992 0.000000 0.000000
186 60.000000 19.999998 0.000000
187 63.549992 0.000000 -2.000000
188 63.549999 19.999998 -2.000000
189 63.549992 0.000000 -1.000000
190 63.549999 19.999998 -1.000000
191 63.549992 0.000000 0.000000
192 63.549999 19.999998 0.000000
193 67.199997 0.000000 -2.000000
194 67.199997 19.999998 -2.000000
195 67.199997 0.000000 -1.000000
196 67.199997 19.999998 -1.000000
197 67.199997 0.000000 0.000000
198 67.199997 19.999998 0.000000
199 70.949997 0.000000 -2.000000
200 70.949997 19.999998 -2.000000
201 70.949997 0.000000 -1.000000
202 70.949997 19.999998 -1.000000
203 70.949997 0.000000 0.000000
204 70.949997 19.999998 0.000000
205 74.799995 0.000000 -2.000000
206 74.800003 19.999998 -2.000000
207 74.799995 0.000000 -1.000000
208 74.800003 19.999998 -1.000000
209 74.799995 0.000000 0.000000
210 74.800003 19.999998 0.000000
211 78.749992 0.000000 -2.000000
212 78.750000 20.000000 -2.000000
213 78.749992 0.000000 -1.000000
214 78.750000 20.000000 -1.000000
215 78.749992 0.000000 0.000000
216 78.750000 20.000000 0.000000
217 82.799995 0.000000 -2.000000
218 82.800003 20.000000 -2.000000
219 82.799995 0.000000 -1.000000
220 82.800003 20.000000 -1.000000
221 82.799995 0.000000 0.000000
222 82.800003 20.000000 0.000000
223 86.949997 0.000000 -2.000000
224 86.949997 20.000000 -2.000000
225 86.949997 0.000000 -1.000000
226 86.949997 20.000000 -1.000000
227 86.949997 0.000000 0.000000
228 86.949997 20.000000 0.000000




















1 0 8.64 8.64 8.64
2 0 8.64 8.64 8.64
3 0 8.64 8.64 8.64
4 0 8.64 8.64 8.64
5 0 8.64 8.64 8.64
6 0 8.64 8.64 8.64
7 0 8.64 8.64 8.64
8 0 8.64 8.64 8.64
9 0 8.64 8.64 8.64
10 0 8.64 8.64 8.64
11 0 8.64 8.64 8.64
12 0 8.64 8.64 8.64
13 0 8.64 8.64 8.64
14 0 8.64 8.64 8.64
15 0 8.64 8.64 8.64
16 0 8.64 8.64 8.64
17 0 8.64 8.64 8.64
18 0 8.64 8.64 8.64
19 0 8.64 8.64 8.64
20 0 8.64 8.64 8.64
21 0 8.64 8.64 8.64
22 0 8.64 8.64 8.64
23 0 8.64 8.64 8.64
24 0 8.64 8.64 8.64
25 0 8.64 8.64 8.64
26 0 8.64 8.64 8.64
27 0 8.64 8.64 8.64
28 0 8.64 8.64 8.64
0.000000  - 2.000000 
20.000000  - 2.000000 
0.000000 - 1.000000 
20.000000  - 1.000000 
0.000000 0.000000 
20.000000  0.000000 
0.000000  - 2.000000 
20.000000 - 2.000000 
0.000000  - 1.000000 
20.000000 - 1.000000 
0.000000 0.000000 
20.000000  0.000000 
0.000000  - 2.000000 
20.000000  - 2.000000 
0.000000 - 1.000000 
20.000000  - 1.000000 
0.000000 0.000000 
20.000000  0.000000
^element number, source term, hydrolic conductivity in 
x,y, z direction
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29 0 8.64 8.64 8.64
30 0 8.64 8.64 8.64
31 0 8.64 8.64 8.64
32 0 8.64 8.64 8.64
33 0 8.64 8.64 8.64
34 0 8.64 8.64 8.64
35 0 8.64 8.64 8.64
36 0 8.64 8.64 8.64
37 0 8.64 8.64 8.64
38 0 8.64 8.64 8.64
39 0 8.64 8.64 8.64
40 0 8.64 8.64 8.64
41 0 8.64 8.64 8.64
42 0 8.64 8.64 8.64
43 0 8.64 8.64 8.64
44 0 8.64 8.64 8.64
45 0 8.64 8.64 8.64
46 0 8.64 8.64 8.64
47 0 8.64 8.64 8.64
48 0 8.64 8.64 8.64
49 0 8.64 8.64 8.64
50 0 8.64 8.64 8.64
51 0 8.64 8.64 8.64
52 0 8.64 8.64 8.64
53 0 8.64 8.64 8.64
54 0 8.64 8.64 8.64
55 0 8.64 8.64 8.64
56 0 8.64 8.64 8.64
57 0 8.64 8.64 8.64
58 0 8.64 8.64 8.64
59 0 8.64 8.64 8.64
60 0 8.64 8.64 8.64
61 0 8.64 8.64 8.64
62 0 8.64 8.64 8.64
63 0 8.64 8.64 8.64
64 0 8.64 8.64 8.64
65 0 8.64 8.64 8.64
66 0 8.64 8.64 8.64
67 0 8.64 8.64 8.64
68 0 8.64 8.64 8.64
69 0 8.64 8.64 8.64
70 0 8.64 8.64 8.64
71 0 8.64 8.64 8.64
72 0 8.64 8.64 8.64
73 0 8.64 8.64 8.64
74 0 8.64 8.64 8.64
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75 0 8.64 8.64 8.64
76 0 8.64 8.64 8.64
77 0 8.64 8.64 8.64
78 0 8.64 8.64 8.64
79 0 8.64 8.64 8.64
80 0 8.64 8.64 8.64


















*; specifies the meaning o f the data, w ill not be included in the data file.
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Benchmark Case 2: 
656 41 4 4
1 0.0000 0.0000 0.0000
2 0.0000 10.0000 0.0000
3 0.0000 20.0000 0.0000
4 0.0000 30.0000 0.0000
5 0.0000 0.0000 1.0000
6 0.0000 10.0000 1.0000
7 0.0000 20.0000 1.0000
8 0.0000 30.0000 1.0000
9 0.0000 0.0000 2.0000
10 0.0000 10.0000 2.0000
11 0.0000 20.0000 2.0000
12 0.0000 30.0000 2.0000
13 0.0000 0.0000 3.0000
14 0.0000 10.0000 3.0000
15 0.0000 20.0000 3.0000
16 0.0000 30.0000 3.0000
17 2.5000 0.0000 0.0000
18 2.5000 10.0000 0.0000
19 2.5000 20.0000 0.0000
20 2.5000 30.0000 0.0000
21 2.5000 0.0000 1.0000
22 2.5000 10.0000 1.0000
23 2.5000 20.0000 1.0000
24 2.5000 30.0000 1.0000
25 2.5000 0.0000 2.0000
26 2.5000 10.0000 2.0000
27 2.5000 20.0000 2.0000
28 2.5000 30.0000 2.0000
29 2.5000 0.0000 3.0000
30 2.5000 10.0000 3.0000
31 2.5000 20.0000 3.0000
32 2.5000 30.0000 3.0000
33 5.0000 0.0000 0.0000
34 5.0000 10.0000 0.0000
35 5.0000 20.0000 0.0000
36 5.0000 30.0000 0.0000
37 5.0000 0.0000 1.0000
38 5.0000 10.0000 1.0000
39 5.0000 20.0000 1.0000
40 5.0000 30.0000 1.0000
41 5.0000 0.0000 2.0000
42 5.0000 10.0000 2.0000
43 5.0000 20.0000 2.0000
44 5.0000 30.0000 2.0000
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45 5.0000 0.0000 3.0000
46 5.0000 10.0000 3.0000
47 5.0000 20.0000 3.0000
48 5.0000 30.0000 3.0000
49 7.5000 0.0000 0.0000
50 7.5000 10.0000 0.0000
51 7.5000 20.0000 0.0000
52 7.5000 30.0000 0.0000
53 7.5000 0.0000 1.0000
54 7.5000 10.0000 1.0000
55 7.5000 20.0000 1.0000
56 7.5000 30.0000 1.0000
57 7.5000 0.0000 2.0000
58 7.5000 10.0000 2.0000
59 7.5000 20.0000 2.0000
60 7.5000 30.0000 2.0000
61 7.5000 0.0000 3.0000
62 7.5000 10.0000 3.0000
63 7.5000 20.0000 3.0000
64 7.5000 30.0000 3.0000
65 10.0000 0.0000 0.0000
66 10.0000 10.0000 0.0000
67 10.0000 20.0000 0.0000
68 10.0000 30.0000 0.0000
69 10.0000 0.0000 1.0000
70 10.0000 10.0000 1.0000
71 10.0000 20.0000 1.0000
72 10.0000 30.0000 1.0000
73 10.0000 0.0000 2.0000
74 10.0000 10.0000 2.0000
75 10.0000 20.0000 2.0000
76 10.0000 30.0000 2.0000
77 10.0000 0.0000 3.0000
78 10.0000 10.0000 3.0000
79 10.0000 20.0000 3.0000
80 10.0000 30.0000 3.0000
81 12.5000 0.0000 0.0000
82 12.5000 10.0000 0.0000
83 12.5000 20.0000 0.0000
84 12.5000 30.0000 0.0000
85 12.5000 0.0000 1.0000
86 12.5000 10.0000 1.0000
87 12.5000 20.0000 1.0000
88 12.5000 30.0000 1.0000
89 12.5000 0.0000 2.0000
90 12.5000 10.0000 2.0000
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91 12.5000 20.0000 2.0000
92 12.5000 30.0000 2.0000
93 12.5000 0.0000 3.0000
94 12.5000 10.0000 3.0000
95 12.5000 20.0000 3.0000
96 12.5000 30.0000 3.0000
97 15.0000 0.0000 10.0000
98 15.0000 10.0000 0.0000
99 15.0000 20.0000 0.0000
100 15.0000 30.0000 0.0000
101 15.0000 0.0000 1.0000
102 15.0000 10.0000 1.0000
103 15.0000 20.0000 1.0000
104 15.0000 30.0000 1.0000
105 15.0000 0.0000 2.0000
106 15.0000 10.0000 2.0000
107 15.0000 20.0000 2.0000
108 15.0000 30.0000 2.0000
109 15.0000 0.0000 3.0000
110 15.0000 10.0000 3.0000
111 15.0000 20.0000 3.0000
112 15.0000 30.0000 3.0000
113 17.5000 0.0000 0.0000
114 17.5000 10.0000 0.0000
115 17.5000 20.0000 0.0000
116 17.5000 30.0000 0.0000
117 17.5000 0.0000 1.0000
118 17.5000 10.0000 1.0000
119 17.5000 20.0000 1.0000
120 17.5000 30.0000 1.0000
121 17.5000 0.0000 2.0000
122 17.5000 10.0000 2.0000
123 17.5000 20.0000 2.0000
124 17.5000 30.0000 2.0000
125 17.5000 0.0000 3.0000
126 17.5000 10.0000 3.0000
127 17.5000 20.0000 3.0000
128 17.5000 30.0000 3.0000
129 20.0000 0.0000 0.0000
130 20.0000 10.0000 0.0000
131 20.0000 20.0000 0.0000
132 20.0000 30.0000 0.0000
133 20.0000 0.0000 1.0000
134 ■20.0000 10.0000 1.0000
135 20.0000 20.0000 1.0000
136 20.0000 30.0000 1.0000
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137 20.0000 0.0000 2.0000
138 20.0000 10.0000 2.0000
139 20.0000 20.0000 2.0000
140 20.0000 30.0000 2.0000
141 20.0000 0.0000 3.0000
142 20.0000 10.0000 3.0000
143 20.0000 20.0000 3.0000
144 20.0000 30.0000 3.0000
145 22.5000 0.0000 0.0000
146 22.5000 10.0000 0.0000
147 22.5000 20.0000 0.0000
148 22.5000 30.0000 0.0000
149 22.5000 0.0000 1.0000
150 22.5000 10.0000 1.0000
151 22.5000 20.0000 1.0000
152 22.5000 30.0000 1.0000
153 22.5000 0.0000 2.0000
154 22.5000 10.0000 2.0000
155 22.5000 20.0000 2.0000
156 22.5000 30.0000 2.0000
157 22.5000 0.0000 3.0000
158 22.5000 10.0000 3.0000
159 22.5000 20.0000 3.0000
160 22.5000 30.0000 3.0000
161 25.0000 0.0000 0.0000
162 25.0000 10.0000 0.0000
163 25.0000 20.0000 0.0000
164 25.0000 30.0000 0.0000
165 25.0000 0.0000 1.0000
166 25.0000 10.0000 1.0000
167 25.0000 20.0000 1.0000
168 25.0000 30.0000 1.0000
169 25.0000 0.0000 2.0000
170 25.0000 10.0000 2.0000
171 25.0000 20.0000 2.0000
172 25.0000 30.0000 2.0000
173 25.0000 0.0000 3.0000
174 25.0000 10.0000 3.0000
175 25.0000 20.0000 3.0000
176 25.0000 30.0000 3.0000
177 27.5000 0.0000 0.0000
178 27.5000 10.0000 0.0000
179 27.5000 20.0000 0.0000
180 27.5000 30.0000 0.0000
181 27.5000 0.0000 1.0000
182 27.5000 10.0000 1.0000
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183 27.5000 20.0000 1 . 0 0 0 0
184 27.5000 30.0000 1 . 0 0 0 0
185 27.5000 0.0000 2 . 0 0 0 0
186 27.5000 10.0000 2 . 0 0 0 0
187 27.5000 20.0000 2 . 0 0 0 0
188 27.5000 30.0000 2 . 0 0 0 0
189 27.5000 0.0000 3.0000
190 27.5000 10.0000 3.0000
191 27.5000 20.0000 3.0000
192 27.5000 30.0000 3.0000
193 30.0000 0.0000 0 . 0 0 0 0
194 30.0000 10.0000 0 . 0 0 0 0
195 30.0000 20.0000 0 . 0 0 0 0
196 30.0000 30.0000 0 . 0 0 0 0
197 30.0000 0.0000 1 . 0 0 0 0
198 30.0000 10.0000 1 . 0 0 0 0
199 30.0000 20.0000 1 . 0 0 0 0
2 0 0 30.0000 30.0000 1 . 0 0 0 0
2 0 1 30.0000 0.0000 2 . 0 0 0 0
2 0 2 30.0000 10.0000 2 . 0 0 0 0
203 30.0000 20.0000 2 . 0 0 0 0
204 30.0000 30.0000 2 . 0 0 0 0
205 30.0000 0.0000 3.0000
206 30.0000 10.0000 3.0000
207 30.0000 20.0000 3.0000
208 30.0000 30.0000 3.0000
209 32.5000 0.0000 0 . 0 0 0 0
2 1 0 32.5000 10.0000 0 . 0 0 0 0
2 1 1 32.5000 20.0000 0 . 0 0 0 0
2 1 2 32.5000 30.0000 0 . 0 0 0 0
213 32.5000 0.0000 1 . 0 0 0 0
214 32.5000 10.0000 1 . 0 0 0 0
215 32.5000 20.0000 1 . 0 0 0 0
216 32.5000 30.0000 1 . 0 0 0 0
217 32.5000 0.0000 2 . 0 0 0 0
218 32.5000 10.0000 2 . 0 0 0 0
219 32.5000 20.0000 2 . 0 0 0 0
2 2 0 32.5000 30.0000 2 . 0 0 0 0
2 2 1 32.5000 0.0000 3.0000
2 2 2 32.5000 10.0000 3.0000
223 32.5000 20.0000 3.0000
224 32.5000 30.0000 3.0000
225 35.0000 0.0000 0.0000
226 35.0000 10.0000 0 . 0 0 0 0
227 35.0000 20.0000 0 . 0 0 0 0
228 35.0000 30.0000 0 . 0 0 0 0
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229 35.0000 0.0000 1.0000
230 35.0000 10.0000 1.0000
231 35.0000 20.0000 1.0000
232 35.0000 30.0000 1.0000
233 35.0000 0.0000 2.0000
234 35.0000 10.0000 2.0000
235 35.0000 20.0000 2.0000
236 35.0000 30.0000 2.0000
237 35.0000 0.0000 3.0000
238 35.0000 10.0000 3.0000
239 35.0000 20.0000 3.0000
240 35.0000 30.0000 3.0000
241 37.5000 0.0000 0.0000
242 37.5000 10.0000 0.0000
243 37.5000 20.0000 0.0000
244 37.5000 30.0000 0.0000
245 37.5000 0.0000 1.0000
246 37.5000 10.0000 1.0000
247 37.5000 20.0000 1.0000
248 37.5000 30.0000 1.0000
249 37.5000 0.0000 2.0000
250 37.5000 10.0000 2.0000
251 37.5000 20.0000 2.0000
252 37.5000 30.0000 2.0000
253 37.5000 0.0000 3.0000
254 37.5000 10.0000 3.0000
255 37.5000 20.0000 3.0000
256 37.5000 30.0000 3.0000
257 40.0000 0.0000 0.0000
258 40.0000 10.0000 0.0000
259 40.0000 20.0000 0.0000
260 40.0000 30.0000 0.0000
261 40.0000 0.0000 1.0000
262 40.0000 10.0000 1.0000
263 40.0000 20.0000 1.0000
264 40.0000 30.0000 1.0000
265 40.0000 0.0000 2.0000
266 40.0000 10.0000 2.0000
267 40.0000 20.0000 2.0000
268 40.0000 30.0000 2.0000
269 40.0000 0.0000 3.0000
270 40.0000 10.0000 3.0000
271 40.0000 20.0000 3.0000
272 40.0000 30.0000 3.0000
273 42.5000 0.0000 0.0000
274 42.5000 10.0000 0.0000
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275 42.5000 20.0000 0.0000
276 42.5000 30.0000 0.0000
277 42.5000 0.0000 1.0000
278 42.5000 10.0000 1.0000
279 42.5000 20.0000 1.0000
280 42.5000 30.0000 1.0000
281 42.5000 0.0000 2.0000
282 42.5000 10.0000 2.0000
283 42.5000 20.0000 2.0000
284 42.5000 30.0000 2.0000
285 42.5000 0.0000 3.0000
286 42.5000 10.0000 3.0000
287 42.5000 20.0000 3.0000
288 42.5000 30.0000 3.0000
289 45.0000 0.0000 0.0000
290 45.0000 10.0000 0.0000
291 45.0000 20.0000 0.0000
292 45.0000 30.0000 0.0000
293 45.0000 0.0000 1.0000
294 45.0000 10.0000 1.0000
295 45.0000 20.0000 1.0000
296 45.0000 30.0000 1.0000
297 45.0000 0.0000 2.0000
298 45.0000 10.0000 2.0000
299 45.0000 20.0000 2.0000
300 45.0000 30.0000 2.0000
301 45.0000 0.0000 3.0000
302 45.0000 10.0000 3.0000
303 45.0000 20.0000 3.0000
304 45.0000 30.0000 3.0000
305 47.5000 0.0000 0.0000
306 47.5000 10.0000 0.0000
307 47.5000 20.0000 0.0000
308 47.5000 30.0000 0.0000
309 47.5000 0.0000 1.0000
310 47.5000 10.0000 1.0000
311 47.5000 20.0000 1.0000
312 47.5000 30.0000 1.0000
313 47.5000 0.0000 2.0000
314 47.5000 10.0000 2.0000
315 47.5000 20.0000 2.0000
316 47.5000 30.0000 2.0000
317 47.5000 0.0000 3.0000
318 47.5000 10.0000 3.0000
319 47.5000 20.0000 3.0000
320 47.5000 30.0000 3.0000
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321 50-0000 0.0000 0.0000
322 50.0000 10.0000 0.0000
323 50.0000 20.0000 0.0000
324 50.0000 30.0000 0.0000
325 50.0000 0.0000 1.0000
326 50.0000 10.0000 1.0000
327 50.0000 20.0000 1.0000
328 50.0000 30.0000 1.0000
329 50.0000 0.0000 2.0000
330 50.0000 10.0000 2.0000
331 50.0000 20.0000 2.0000
332 50.0000 30.0000 2.0000
333 50.0000 0.0000 3.0000
334 50.0000 10.0000 3.0000
335 50.0000 20.0000 3.0000
336 50.0000 30.0000 3.0000
337 52.5000 0.0000 0.0000
338 52.5000 10.0000 0.0000
339 52.5000 20.0000 0.0000
340 52.5000 30.0000 0.0000
341 52.5000 0.0000 1.0000
342 52.5000 10.0000 1.0000
343 52.5000 20.0000 1.0000
344 52.5000 30.0000 1.0000
345 52.5000 0.0000 2.0000
346 52.5000 10.0000 2.0000
347 52.5000 20.0000 2.0000
348 52.5000 30.0000 2.0000
349 52.5000 0.0000 3.0000
350 52.5000 10.0000 3.0000
351 52.5000 20.0000 3.0000
352 52.5000 30.0000 3.0000
353 55.0000 0.0000 0.0000
354 55.0000 10.0000 0.0000
355 55.0000 20.0000 0.0000
356 55.0000 30.0000 0.0000
357 55.0000 0.0000 1.0000
358 55.0000 10.0000 1.0000
359 55.0000 20.0000 1.0000
360 55.0000 30.0000 1.0000
361 55.0000 0.0000 2.0000
362 55.0000 10.0000 2.0000
363 55.0000 20.0000 2.0000
364 55.0000 30.0000 2.0000
365 55.0000 0.0000 3.0000
366 55.0000 10.0000 3.0000
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367 55.0000 20.0000 3.0000
368 55.0000 30.0000 3.0000
369 57.5000 0.0000 0.0000
370 57.5000 10.0000 0.0000
371 57.5000 20.0000 0.0000
372 57.5000 30.0000 0.0000
373 57.5000 0.0000 1.0000
374 57.5000 10.0000 1.0000
375 57.5000 20.0000 1.0000
376 57.5000 30.0000 1.0000
377 57.5000 0.0000 2.0000
378 57.5000 10.0000 2.0000
379 57.5000 20.0000 2.0000
380 57.5000 30.0000 2.0000
381 57.5000 0.0000 3.0000
382 57.5000 10.0000 3.0000
383 57.5000 20.0000 3.0000
384 57.5000 30.0000 3.0000
385 60.0000 0.0000 0.0000
386 60.0000 10.0000 0.0000
387 60.0000 20.0000 0.0000
388 60.0000 30.0000 0.0000
389 60.0000 0.0000 1.0000
390 60.0000 10.0000 1.0000
391 60.0000 20.0000 1.0000
392 60.0000 30.0000 1.0000
393 60.0000 0.0000 2.0000
394 60.0000 10.0000 2.0000
395 60.0000 20.0000 2.0000
396 60.0000 30.0000 2.0000
397 60.0000 0.0000 3.0000 
_398 60.0000 10.0000 3.0000
399 60.0000 20.0000 3.0000
400 60.0000 30.0000 3.0000
401 62.5000 0.0000 0.0000
402 62.5000 10.0000 0.0000
403 62.5000 20.0000 0.0000
404 62.5000 30.0000 0.0000
405 62.5000 0.0000 1.0000
406 62.5000 10.0000 1.0000
407 62.5000 20.0000 1.0000
408 62.5000 30.0000 1.0000
409 62.5000 0.0000 2.0000
410 62.5000 10.0000 2.0000
411 62.5000 20.0000 2.0000
412 62.5000 30.0000 2.0000
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413 62.5000 0.0000 3.0000
414 62.5000 10.0000 3.0000
415 62.5000 20.0000 3.0000
416 62.5000 30.0000 3.0000
417 65.0000 0.0000 0.0000
418 65.0000 10.0000 0.0000
419 65.0000 20.0000 0.0000
420 65.0000 30.0000 0.0000
421 65.0000 0.0000 1.0000
422 65.0000 10.0000 1.0000
423 65.0000 20.0000 1.0000
424 65.0000 30.0000 1.0000
425 65.0000 0.0000 2.0000
426 65.0000 10.0000 2.0000
427 65.0000 20.0000 2.0000
428 65.0000 30.0000 2.0000
429 65.0000 0.0000 3.0000
430 65.0000 10.0000 3.0000
431 65.0000 20.0000 3.0000
432 65.0000 30.0000 3.0000
433 67.5000 0.0000 0.0000
434 67.5000 10.0000 0.0000
435 67.5000 20.0000 0.0000
436 67.5000 30.0000 0.0000
437 67.5000 0.0000 1.0000
438 67.5000 10.0000 1.0000
439 67.5000 20.0000 1.0000
440 67.5000 30.0000 1.0000
441 67.5000 0.0000 2.0000
442 67.5000 10.0000 2.0000
443 67.5000 20.0000 2.0000
444 67.5000 30.0000 2.0000
445 67.5000 0.0000 3.0000
446 67.5000 10.0000 3.0000
447 67.5000 20.0000 3.0000
448 67.5000 30.0000 3.0000
449 70.0000 0.0000 0.0000
450 70.0000 10.0000 0.0000
451 70.0000 20.0000 0.0000
452 70.0000 30.0000 0.0000
453 70.0000 0.0000 1.0000
454 70.0000 10.0000 1.0000
455 70.0000 20.0000 1.0000
456 70.0000 30.0000 1.0000
457 70.0000 0.0000 2.0000
458 70.0000 10.0000 2.0000
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459 70.0000 20.0000 2.0000
460 70.0000 30.0000 2.0000 
46 1 70.0000 0.0000 3.0000
462 70.0000 10.0000 3.0000
463 70.0000 20.0000 3.0000
464 70.0000 30.0000 3.0000
465 72.5000 0.0000 0.0000
466 72.5000 10.0000 0.0000
467 72.5000 20.0000 0.0000
468 72.5000 30.0000 0.0000
469 72.5000 0.0000 1.0000
470 72.5000 10.0000 1.0000
471 72.5000 20.0000 1.0000
472 72.5000 30.0000 1.0000
473 72.5000 0.0000 2.0000
474 72.5000 10.0000 2.0000
475 72.5000 20.0000 2.0000
476 72.5000 30.0000 2.0000
477 72.5000 0.0000 3.0000
478 72.5000 10.0000 3.0000
479 72.5000 20.0000 3.0000
480 72.5000 30.0000 3.0000
481 75.0000 0.0000 0.0000
482 75.0000 10.0000 0.0000
483 75.0000 20.0000 0.0000
484 75.0000 30.0000 0.0000
485 75.0000 0.0000 1.0000
486 75.0000 10.0000 1.0000
487 75.0000 20.0000 1.0000
488 75.0000 30.0000 1.0000
489 75.0000 0.0000 2.0000
490 75.0000 10.0000 2.0000
491 75.0000 20.0000 2.0000
492 75.0000 30.0000 2.0000
493 75.0000 0.0000 3.0000
494 75.0000 10.0000 3.0000
495 75.0000 20.0000 3.0000
496 75.0000 30.0000 3.0000
497 77.5000 0.0000 0.0000
498 77.5000 10.0000 0.0000
499 77.5000 20.0000 0.0000
500 77.5000 30.0000 0.0000
501 77.5000 0.0000 1.0000
502 77.5000 10.0000 1.0000
503 77.5000 20.0000 1.0000
504 77.5000 30.0000 1.0000
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505 77.5000 0.0000 2.0000
506 77.5000 10.0000 2.0000
507 77.5000 20.0000 2.0000
508 77.5000 30.0000 2.0000
509 77.5000 0.0000 3.0000
510 77.5000 10.0000 3.0000
511 77.5000 20.0000 3.0000
512 77.5000 30.0000 3.0000
513 80.0000 0.0000 0.0000
514 80.0000 10.0000 0.0000
515 80.0000 20.0000 0.0000
516 80.0000 30.0000 0.0000
517 80.0000 0.0000 1.0000
518 80.0000 10.0000 1.0000
519 80.0000 20.0000 1.0000
520 80.0000 30.0000 1.0000
521 80.0000 0.0000 2.0000
522 80.0000 10.0000 2.0000
523 80.0000 20.0000 2.0000
524 80.0000 30.0000 2.0000
525 80.0000 0.0000 3.0000
526 80.0000 10.0000 3.0000
527 80.0000 20.0000 3.0000
528 80.0000 30.0000 3.0000
529 82.5000 0.0000 0.0000
530 82.5000 10.0000 0.0000
531 82.5000 20.0000 0.0000
532 82.5000 30.0000 0.0000
533 82.5000 0.0000 1.0000
534 82.5000 10.0000 1.0000
535 82.5000 20.0000 1.0000
536 82.5000 30.0000 1.0000
537 82.5000 0.0000 2.0000
538 82.5000 10.0000 2.0000
539 82.5000 20.0000 2.0000
540 82.5000 30.0000 2.0000
541 82.5000 0.0000 3.0000
542 82.5000 10.0000 3.0000
543 82.5000 20.0000 3.0000
544 82.5000 30.0000 3.0000
545 85.0000 0.0000 0.0000
546 85.0000 10.0000 0.0000
547 85.0000 20.0000 0.0000
548 85.0000 30.0000 0.0000
549 85.0000 0.0000 1.0000
550 85.0000 10.0000 1.0000
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551 85.0000 20.0000 1.0000
552 85.0000 30.0000 1.0000
553 85.0000 0.0000 2.0000
554 85.0000 10.0000 2.0000
555 85.0000 20.0000 2.0000
556 85.0000 30.0000 2.0000
557 85.0000 0.0000 3.0000
558 85.0000 10.0000 3.0000
559 85.0000 20.0000 3.0000
560 85.0000 30.0000 3.0000
561 87.5000 0.0000 0.0000
562 87.5000 10.0000 0.0000
563 87.5000 20.0000 0.0000
564 87.5000 30.0000 0.0000
565 87.5000 0.0000 1.0000
566 87.5000 10.0000 1.0000
567 87.5000 20.0000 1.0000
568 87.5000 30.0000 1.0000
569 87.5000 0.0000 2.0000
570 87.5000 10.0000 2.0000
571 87.5000 20.0000 2.0000
572 87.5000 30.0000 2.0000
573 87.5000 0.0000 3.0000
574 87.5000 10.0000 3.0000
575 87.5000 20.0000 3.0000
576 87.5000 30.0000 3.0000
577 90.0000 0.0000 0.0000
578 90.0000 10.0000 0.0000
579 90.0000 20.0000 0.0000
580 90.0000 30.0000 0.0000
581 90.0000 0.0000 1.0000
582 90.0000 10.0000 1.0000
583 90.0000 20.0000 1.0000
584 90.0000 30.0000 1.0000
585 90.0000 0.0000 2.0000
586 90.0000 10.0000 2.0000
587 90.0000 20.0000 2.0000
588 90.0000 30.0000 2.0000
589 90.0000 0.0000 3.0000
590 90.0000 10.0000 3.0000
591 90.0000 20.0000 3.0000
592 90.0000 30.0000 3.0000
593 92.5000 0.0000 0.0000
594 92.5000 10.0000 0.0000
595 92.5000 20.0000 0.0000
596 92.5000 30.0000 0.0000
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597 92.5000 0.0000 1.0000
598 92.5000 10.0000 1.0000
599 92.5000 20.0000 1.0000
600 92.5000 30.0000 1.0000
601 92.5000 0.0000 2.0000
602 92.5000 10.0000 2.0000
603 92.5000 20.0000 2.0000
604 92.5000 30.0000 2.0000
605 92.5000 0.0000 3.0000
606 92.5000 10.0000 3.0000
607 92.5000 20.0000 3.0000
608 92.5000 30.0000 3.0000
609 95.0000 0.0000 0.0000
610 95.0000 10.0000 0.0000
611 95.0000 20.0000 0.0000
612 95.0000 30.0000 0.0000
613 95.0000 0.0000 1.0000
614 95.0000 10.0000 1.0000
615 95.0000 20.0000 1.0000
616 95.0000 30.0000 1.0000
617 95.0000 0.0000 2.0000
618 95.0000 10.0000 2.0000
619 95.0000 20.0000 2.0000
620 95.0000 30.0000 2.0000
621 95.0000 0.0000 3.0000
622 95.0000 10.0000 3.0000
623 95.0000 20.0000 3.0000
624 95.0000 30.0000 3.0000
625 97.5000 0.0000 0.0000
626 97.5000 10.0000 0.0000
627 97.5000 20.0000 0.0000
628 97.5000 30.0000 0.0000
629 97.5000 0.0000 1.0000
630 97.5000 10.0000 1.0000
631 97.5000 20.0000 1.0000
632 97.5000 30.0000 1.0000
633 97.5000 0.0000 2.0000
634 97.5000 10.0000 2.0000
635 97.5000 20.0000 2.0000
636 97.5000 30.0000 2.0000
637 97.5000 0.0000 3.0000
638 97.5000 10.0000 3.0000
639 97.5000 20.0000 3.0000
640 97.5000 30.0000 3.0000
641 100.0000 0.0000 0.0000
642 100.0000 10.0000 0.0000
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643 100.0000 20.0000 0.0000
644 100.0000 30.0000 0.0000
645 100.0000 0.0000 1.0000
646 100.0000 10.0000 1.0000
647 100.0000 20.0000 1.0000
648 100.0000 30.0000 1.0000
649 100.0000 0.0000 2.0000
650 100.0000 10.0000 2.0000
651 100.0000 20.0000 2.0000
652 100.0000 30.0000 2.0000
653 100.0000 0.0000 3.0000
654 100.0000 10.0000 3.0000
655 100.0000 20.0000 3.0000
656 100.0000 30.0000 3.0000
1 0 8.640000 8.640000 8.640000
2 0 8.640000 8.640000 8.640000
3 0 8.640000 8.640000 8.640000
4 0 8.640000 8.640000 8.640000
5 1 0 8.640000 8.640000 8.640000
6 0 8.640000 8.640000 8.640000
7 0 8.640000 8.640000 8.640000
8 0 8.640000 8.640000 8.640000
9 0 8.640000 8.640000 8.640000
1 0 0 8.640000 8.640000 8.640000
1 1 0 8.640000 8.640000 8.640000
1 2 0 8.640000 8.640000 8.640000
13 0 8.640000 8.640000 8.640000
14 0 8.640000 8.640000 8.640000
15 0 8.640000 8.640000 8.640000
16 0 8.640000 8.640000 8.640000
17 0 8.640000 8.640000 8.640000
18 0 8.640000 8.640000 8.640000
19 0 8.640000 8.640000 8.640000
2 0 0 8.640000 8.640000 8.640000
2 1 0 8.640000 8.640000 8.640000
2 2 0 8.640000 8.640000 8.640000
23 0 8.640000 8.640000 8.640000
24 0 8.640000 8.640000 8.640000
25 0 8.640000 8.640000 8.640000
26 0 8.640000 8.640000 8.640000
27 0 8.640000 8.640000 8.640000
28 0 8.640000 8.640000 8.640000
29 0 8.640000 8.640000 8.640000
30 0 8.640000 8.640000 8.640000
31 0 8.640000 8.640000 8.640000
32 0 8.640000 8.640000 8.640000
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33 0 8.640000 8.640000 8.640000
34 0 8.640000 8.640000 8.640000
35 0 8.640000 8.640000 8.640000
36 0 8.640000 8.640000 8.640000
37 0 8.640000 8.640000 8.640000
38 0 8.640000 8.640000 8.640000
39 0 8.640000 8.640000 8.640000
40 0 8.640000 8.640000 8.640000
41 0 8.640000 8.640000 8.640000
42 0 8.640000 8.640000 8.640000
43 0 8.640000 8.640000 8.640000
44 0 8.640000 8.640000 8.640000
45 0 8.640000 8.640000 8.640000
46 0 8.640000 8.640000 8.640000
47 0 8.640000 8.640000 8.640000
48 0 8.640000 8.640000 8.640000
49 0 8.640000 8.640000 8.640000
50 0 8.640000 8.640000 8.640000
51 0 8.640000 8.640000 8.640000
52 0 8.640000 8.640000 8.640000
53 0 8.640000 8.640000 8.640000
54 0 8.640000 8.640000 8.640000
55 0 8.640000 8.640000 8.640000
56 0 8.640000 8.640000 8.640000
57 0 8.640000 8.640000 8.640000
58 0 8.640000 8.640000 8.640000
59 0 8.640000 8.640000 8.640000
60 0 8.640000 8.640000 8.640000
61 0 8.640000 8.640000 8.640000
62 0 8.640000 8.640000 8.640000
63 0 8.640000 8.640000 8.640000
64 0 8.640000 8.640000 8.640000
65 0 8.640000 8.640000 8.640000
6 6 0 8.640000 8.640000 8.640000
67 0 8.640000 8.640000 8.640000
68 0 8.640000 8.640000 8.640000
69 0 8.640000 8.640000 8.640000
70 0 8.640000 8.640000 8.640000
71 0 8.640000 8.640000 8.640000
72 0 8.640000 8.640000 8.640000
73 0 8.640000 8.640000 8.640000
74 0 8.640000 8.640000 8.640000
75 0 8.640000 8.640000 8.640000
76 0 8.640000 8.640000 8.640000
77 0 8.640000 8.640000 8.640000
78 0 8.640000 8.640000 8.640000
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79 0 8.640000 8.640000 8.640000
80 0 8.640000 8.640000 8.640000
81 0 8.640000 8.640000 8.640000
82 0 8.640000 8.640000 8.640000
83 0 8.640000 8.640000 8.640000
84 0 8.640000 8.640000 8.640000
85 0 8.640000 8.640000 8.640000
86 0 8.640000 8.640000 8.640000
87 0 8.640000 8.640000 8.640000
88 0 8.640000 8.640000 8.640000
89 0 8.640000 8.640000 8.640000
90 0 8.640000 8.640000 8.640000
91 0 8.640000 8.640000 8.640000
92 0 8.640000 8.640000 8.640000
93 0 8.640000 8.640000 8.640000
94 0 8.640000 8.640000 8.640000
95 0 8.640000 8.640000 8.640000
96 0 8.640000 8.640000 8.640000
97 0 8.640000 8.640000 8.640000
98 0 8.640000 8.640000 8.640000
99 0 8.640000 8.640000 8.640000
1 0 0 0 8.640000 8.640000 8.640000
1 0 1 0 8.640000 8.640000 8.640000
1 0 2 0 8.640000 8.640000 8.640000
103 0 8.640000 8.640000 8.640000
104 0 8.640000 8.640000 8.640000
105 0 8.640000 8.640000 8.640000
106 0 8.640000 8.640000 8.640000
107 0 8.640000 8.640000 8.640000
108 0 8.640000 8.640000 8.640000
109 0 8.640000 8.640000 8.640000
1 1 0 0 8.640000 8.640000 8.640000
1 1 1 0 8.640000 8.640000 8.640000
1 1 2 0 8.640000 8.640000 8.640000
113 0 8.640000 8.640000 8.640000
114 0 8.640000 8.640000 8.640000
115 0 8.640000 8.640000 8.640000
116 0 8.640000 8.640000 8.640000
117 0 8.640000 8.640000 8.640000
118 0 8.640000 8.640000 8.640000
119 0 8.640000 8.640000 8.640000
1 2 0 0 8.640000 8.640000 8.640000
1 2 1 0 8.640000 8.640000 8.640000
1 2 2 0 8.640000 8.640000 8.640000
123 0 8.640000 8.640000 8.640000
124 0 8.640000 8.640000 8.640000
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125 0 8.640000 8.640000 8.640000
126 0 8.640000 8.640000 8.640000
127 0 8.640000 8.640000 8.640000
128 0 8.640000 8.640000 8.640000
129 0 8.640000 8.640000 8.640000
130 0 8.640000 8.640000 8.640000
131 0 8.640000 8.640000 8.640000
132 0 8.640000 8.640000 8.640000
133 0 8.640000 8.640000 8.640000
134 0 8.640000 8.640000 8.640000
135 0 8.640000 8.640000 8.640000
136 0 8.640000 8.640000 8.640000
137 0 8.640000 8.640000 8.640000
138 0 8.640000 8.640000 8.640000
139 0 8.640000 8.640000 8.640000
140 0 8.640000 8.640000 8.640000
141 0 8.640000 8.640000 8.640000
142 0 8.640000 8.640000 8.640000
143 0 8.640000 8.640000 8.640000
144 0 8.640000 8.640000 8.640000
145 0 8.640000 8.640000 8.640000
146 0 8.640000 8.640000 8.640000
147 0 8.640000 8.640000 8.640000
148 0 8.640000 8.640000 8.640000
149 0 8.640000 8.640000 8.640000
150 0 8.640000 8.640000 8.640000
151 0 8.640000 8.640000 8.640000
152 0 8.640000 8.640000 8.640000
153 0 8.640000 8.640000 8.640000
154 0 8.640000 8.640000 8.640000
155 0 8.640000 8.640000 8.640000
156 0 8.640000 8.640000 8.640000
157 0 8.640000 8.640000 8.640000
158 0 8.640000 8.640000 8.640000
159 0 8.640000 8.640000 8.640000
160 0 8.640000 8.640000 8.640000
161 0 8.640000 8.640000 8.640000
162 0 8.640000 8.640000 8.640000
163 0 8.640000 8.640000 8.640000
164 0 8.640000 8.640000 8.640000
165 0 8.640000 8.640000 8.640000
166 0 8.640000 8.640000 8.640000
167 0 8.640000 8.640000 8.640000
168 0 8.640000 8.640000 8.640000
169 0 8.640000 8.640000 8.640000
170 0 8.640000 8.640000 8.640000
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171 0 8.640000 8.640000 8.640000
172 0 8.640000 8.640000 8.640000
173 0 8.640000 8.640000 8.640000
174 0 8.640000 8.640000 8.640000
175 0 8.640000 8.640000 8.640000
176 0 8.640000 8.640000 8.640000
177 0 8.640000 8.640000 8.640000
178 0 8.640000 8.640000 8.640000
179 0 8.640000 8.640000 8.640000
180 0 8.640000 8.640000 8.640000
181 0 8.640000 8.640000 8.640000
182 0 8.640000 8.640000 8.640000
183 0 8.640000 8.640000 8.640000
184 0 8.640000 8.640000 8.640000
185 0 8.640000 8.640000 8.640000
186 0 8.640000 8.640000 8.640000
187 0 8.640000 8.640000 8.640000
188 0 8.640000 8.640000 8.640000
189 0 8.640000 8.640000 8.640000
190 0 8.640000 8.640000 8.640000
191 0 8.640000 8.640000 8.640000
192 0 8.640000 8.640000 8.640000
193 0 8.640000 8.640000 8.640000
194 0 8.640000 8.640000 8.640000
195 0 8.640000 8.640000 8.640000
196 0 8.640000 8.640000 8.640000
197 0 8.640000 8.640000 8.640000
198 0 8.640000 8.640000 8.640000
199 0 8.640000 8.640000 8.640000
2 0 0 0 8.640000 8.640000 8.640000
2 0 1 0 8.640000 8.640000 8.640000
2 0 2 0 8.640000 8.640000 8.640000
203 0 8.640000 8.640000 8.640000
204 0 8.640000 8.640000 8.640000
205 0 8.640000 8.640000 8.640000
206 0 8.640000 8.640000 8.640000
207 0 8.640000 8.640000 8.640000
208 0 8.640000 8.640000 8.640000
209 0 8.640000 8.640000 8.640000
2 1 0 0 8.640000 8.640000 8.640000
2 1 1 0 8.640000 8.640000 8.640000
2 1 2 0 8.640000 8.640000 8.640000
213 0 8.640000 8.640000 8.640000
214 0 8.640000 8.640000 8.640000
215 0 8.640000 8.640000 8.640000
216 0 8.640000 8.640000 8.640000
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
91
217 0 8.640000 8.640000 8.640000
218 0 8.640000 8.640000 8.640000
219 0 8.640000 8.640000 8.640000
2 2 0 0 8.640000 8.640000 8.640000
2 2 1 0 8.640000 8.640000 8.640000
2 2 2 0 8.640000 8.640000 8.640000
223 0 8.640000 8.640000 8.640000
224 0 8.640000 8.640000 8.640000
225 0 8.640000 8.640000 8.640000
226 0 8.640000 8.640000 8.640000
227 0 8.640000 8.640000 8.640000
228 0 8.640000 8.640000 8.640000
229 0 8.640000 8.640000 8.640000
230 0 8.640000 8.640000 8.640000
231 0 8.640000 8.640000 8.640000
232 0 8.640000 8.640000 8.640000
233 0 8.640000 8.640000 8.640000
234 0 8.640000 8.640000 8.640000
235 0 8.640000 8.640000 8.640000
236 0 8.640000 8.640000 8.640000
237 0 8.640000 8.640000 8.640000
238 0 8.640000 8.640000 8.640000
239 0 8.640000 8.640000 8.640000
240 0 8.640000 8.640000 8.640000
241 0 8.640000 8.640000 8.640000
242 0 8.640000 8.640000 8.640000
243 0 8.640000 8.640000 8.640000
244 0 8.640000 8.640000 8.640000
245 0 8.640000 8.640000 8.640000
246 0 8.640000 8.640000 8.640000
247 0 8.640000 8.640000 8.640000
248 0 8.640000 8.640000 8.640000
249 0 8.640000 8.640000 8.640000
250 0 8.640000 8.640000 8.640000
251 0 8.640000 8.640000 8.640000
252 0 8.640000 8.640000 8.640000
253 0 8.640000 8.640000 8.640000
254 0 8.640000 8.640000 8.640000
255 0 8.640000 8.640000 8.640000
256 0 8.640000 8.640000 8.640000
257 0 8.640000 8.640000 8.640000
258 0 8.640000 8.640000 8.640000
259 0 8.640000 8.640000 8.640000
260 0 8.640000 8.640000 8.640000
261 0 8.640000 8.640000 8.640000
262 0 8.640000 8.640000 8.640000
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263 0 8-640000 8.640000 8.640000
264 0 8.640000 8.640000 8.640000
265 0 8-640000 8.640000 8.640000
266 0 8.640000 8.640000 8.640000
267 0 8.640000 8.640000 8.640000
268 0 8.640000 8.640000 8.640000
269 0 8.640000 8.640000 8.640000
270 0 8-640000 8.640000 8.640000
271 0 8.640000 8.640000 8.640000
272 0 8-640000 8.640000 8.640000
273 0 8.640000 8.640000 8.640000
274 0 8.640000 8.640000 8.640000
275 0 8.640000 8.640000 8.640000
276 0 8.640000 8.640000 8.640000
277 0 8.640000 8.640000 8.640000
278 0 8.640000 8.640000 8.640000
279 0 8.640000 8.640000 8.640000
280 0 8.640000 8.640000 8.640000
281 0 8.640000 8.640000 8.640000
282 0 8.640000 8.640000 8.640000
283 0 8.640000 8.640000 8.640000
284 0 8.640000 8.640000 8.640000
285 0 8.640000 8.640000 8.640000
286 0 8.640000 8.640000 8.640000
287 0 8.640000 8.640000 8.640000
288 0 8.640000 8.640000 8.640000
289 0 8.640000 8.640000 8.640000
290 0 8.640000 8.640000 8.640000
291 0 8.640000 8.640000 8.640000
292 0 8.640000 8.640000 8.640000
293 0 8.640000 8.640000 8.640000
294 0 8.640000 8.640000 8.640000
295 0 8.640000 8.640000 8.640000
296 0 8.640000 8.640000 8.640000
297 0 8.640000 8.640000 8.640000
298 0 8.640000 8.640000 8.640000
299 0 8.640000 8.640000 8.640000
300 0 8.640000 8.640000 8.640000
301 0 8.640000 8.640000 8.640000
302 0 8.640000 8.640000 8.640000
303 0 8.640000 8.640000 8.640000
304 0 8.640000 8.640000 8.640000
305 0 8.640000 8.640000 8.640000
306 0 8.640000 8.640000 8.640000
307 0 8.640000 8.640000 8.640000
308 0 8.640000 8.640000 8.640000
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309 0 8.640000 8.640000 8.640000
310 0 8.640000 8.640000 8.640000
311 0 8.640000 8.640000 8.640000
312 0 8.640000 8.640000 8.640000
313 0 8.640000 8.640000 8.640000
314 0 8.640000 8.640000 8.640000
315 0 8.640000 8.640000 8.640000
316 0 8.640000 8.640000 8.640000
317 0 8.640000 8.640000 8.640000
318 0 8.640000 8.640000 8.640000
319 0 8.640000 8.640000 8.640000
320 0 8.640000 8.640000 8.640000
321 0 8.640000 8.640000 8.640000
322 0 8.640000 8.640000 8.640000
323 0 8.640000 8.640000 8.640000
324 0 8.640000 8.640000 8.640000
325 0 8.640000 8.640000 8.640000
326 0 8.640000 8.640000 8.640000
327 0 8.640000 8.640000 8.640000
328 0 8.640000 8.640000 8.640000
329 0 8.640000 8.640000 8.640000
330 0 8.640000 8.640000 8.640000
331 0 8.640000 8.640000 8.640000
332 0 8.640000 8.640000 8.640000
333 0 8.640000 8.640000 8.640000
334 0 8.640000 8.640000 8.640000
335 0 8.640000 8.640000 8.640000
336 0 8.640000 8.640000 8.640000
337 0 8.640000 8.640000 8.640000
338 0 8.640000 8.640000 8.640000
339 0 8.640000 8.640000 8.640000
340 0 8.640000 8.640000 8.640000
341 0 8.640000 8.640000 8.640000
342 0 8.640000 8.640000 8.640000
343 0 8.640000 8.640000 8.640000
344 0 8.640000 8.640000 8.640000
345 0 8.640000 8.640000 8.640000
346 0 8.640000 8.640000 8.640000
347 0 8.640000 8.640000 8.640000
348 0 8.640000 8.640000 8.640000
349 0 8.640000 8.640000 8.640000
350 0 8.640000 8.640000 8.640000
351 0 8.640000 8.640000 8.640000
352 0 8.640000 8.640000 8.640000
353 0 8.640000 8.640000 8.640000
354 0 8.640000 8.640000 8.640000
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355 0 8.640000 8.640000 8.640000
356 0 8.640000 8.640000 8.640000
357 0 8.640000 8.640000 8.640000
358 0 8.640000 8.640000 8.640000
359 0 8.640000 8.640000 8.640000
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3- D D A TA (Y U C C A  M O U N T A IN )
768 495 *numbers o f node, numbers o f  elements
*node number, x,y,z location o f the nodeI 0 . 0 0 0 0 0  0 . 0 0 0 0 0  0 . 0 0 0 0 0
2 126.66700 0.00000 0 . 0 0 0 0 0
3 253.33299 0.00000 0 . 0 0 0 0 0
4 380.00000 0.00000 0 . 0 0 0 0 0
5 0.00001 56.36370 0.00000
6 126.66700 59.27270 0 . 0 0 0 0 0
7 253.33299 62.18180 0 . 0 0 0 0 0
8 380.00000 65.09090 0 . 0 0 0 0 0
9 0.00000 112.72700 '0 . 0 0 0 0 0
1 0 126.66700 118.54500 0 . 0 0 0 0 0
1 1 253.33299 124.36400 0 . 0 0 0 0 0
1 2 380.00000 130.18201 0 . 0 0 0 0 0
13 0.00000 169.09100 0 . 0 0 0 0 0
14 126.66700 177.81799 0 . 0 0 0 0 0
15 253.33299 186.54500 0 . 0 0 0 0 0
16 380.00000 195.27299 0 . 0 0 0 0 0
17 0.00000 225.45500 0 . 0 0 0 0 0
18 126.66700 237.09100 0 . 0 0 0 0 0
19 253.33299 248.72701 0 . 0 0 0 0 0
2 0 380.00000 260.36401 0 . 0 0 0 0 0
2 1 0.00001 281.81799 0 . 0 0 0 0 0
2 2 126.66700 296.36401 0 . 0 0 0 0 1
23 253.33299 310.90900 0 . 0 0 0 0 0
24 380.00000 325.45499 0 . 0 0 0 0 0
25 0.00000 338.18201 0 . 0 0 0 0 0
26 126.66700 355.63599 0 . 0 0 0 0 1
27 253.33299 373.09100 0 . 0 0 0 0 0
28 380.00000 390.54501 0 . 0 0 0 0 0
29 0.00000 394.54501 0 . 0 0 0 0 0
30 126.66700 414.90900 0 . 0 0 0 0 0
31 253.33299 435.27301 0 . 0 0 0 0 0
32 380.00000 455.63599 0 . 0 0 0 0 0
33 0.00000 450.90900 0 . 0 0 0 0 0
34 126.66700 474.18201 0 . 0 0 0 0 0
35 253.33299 497.45499 0 . 0 0 0 0 0
36 380.00000 520.72699 0 . 0 0 0 0 0
37 -0.00002 507.27301 -0 . 0 0 0 0 1
38 126.66700 533.45502 0 . 0 0 0 0 0
39 253.33299 559.63599 0 . 0 0 0 0 0
40 380.00000 585.81799 0 . 0 0 0 0 0
41 0.00000 563.63599 0 . 0 0 0 0 0
42 126.66700 592.72699 0 . 0 0 0 0 0
43 253.33299 621.81799 0 . 0 0 0 0 0
44 380.00000 650.90900 0 . 0 0 0 0 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
97
45 0.00000 620.00000 0.00000
46 126.66700 652.00000 0.00000
47 253.33299 684.00000 0.00000
48 380.00000 716.00000 0.00000
49 0.00001 0.00002 50.00000
50 126.66700 0.00004 50.00000
51 253.33299 0.00000 50.00000
52 380.00000 0.00002 50.00000
53 0.00003 56.36370 50.00000
54 126.66700 59.27270 50.00000
55 253.33299 62.18180 50.00000
56 380.00000 65.09090 50.00000
57 0.00001 112.72700 50.00000
58 126.66700 118.54600 50.00000
59 253.33299 124.36400 50.00000
60 380.00000 130.18201 50.00000
61 0.00000 169.09100 50.00000
62 126.66700 177.81799 50.00000
63 253.33299 186.54601 50.00000
64 380.00000 195.27299 50.00000
65 0.00000 225.45500 50.00000
6 6  126.66700 237.09100 50.00000
67 253.33299 248.72701 50.00000
6 8  380.00000 260.36401 50.00000
69 0.00003 281.81799 50.00000
70 126.66700 296.36401 50.00000
71 253.33299 310.90900 50.00000
72 380.00000 325.45401 50.00000
73 0.00002 338.18201 50.00000
74 126.66700 355.63599 50.00000
75 253.33299 373.09100 50.00000
76 380.00000 390.54501 50.00000
77 0.00001 394.54599 50.00000
78 126.66700 414.90900 50.00000
79 253.33299 435.27301 50.00000
80 380.00000 455.63599 50.00000
81 0.00001 450.90900 50.00000
82 126.66700 474.18201 50.00000
83 253.33299 497.45499 50.00000
84 380.00000 520.72699 50.00000
85 0.00000 507.27301 50.00000
8 6  126.66700 533.45502 50.00000
87 253.33299 559.63599 50.00000
8 8  380.00000 585.81799 50.00000
89 0.00001 563.63599 50.00000
90 126.66700 592.72699 50.00000
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91 253.33299 621.81799 50.00000
92 380.00000 650.90900 50.00000
93 0.00001 620.00000 50.00000
94 126.66700 652.00000 50.00000
95 253.33299 684.00000 50.00000
96 380.00000 716.00000 50.00000
97 0.00000 0.00000 100.00000
98 126.66700 0.00000 100.00000
99 253.33299 0.00000 100.00000
100 380.00000 0.00000 100.00000
101 0.00001 56.36370 100.00000
102 126.66700 59.27270 100.00000
103 253.33299 62.18180 100.00000
104 380.00000 65.09090 100.00000
105 0.00000 112.72700 100.00000
106 126.66700 118.54500 100.00000
107 253.33299 124.36400 100.00000
108 380.00000 130.18201 100.00000
109 -0.00002 169.09100 100.00000
110 126.66700 177.81799 100.00000
111 253.33299 186.54500 100.00000
112 380.00000 195.27299 100.00000
113 0.00000 225.45500 100.00000
114 126.66700 237.09100 100.00000
115 253.33299 248.72701 100.00000
116 380.00000 260.36401 100.00000
117 0.00002 281.81799 100.00000
118 126.66700 296.36401 100.00000
119 253.33299 310.90900 100.00000
120 380.00000 325.45499 100.00000
121 0.00002 338.18201 100.00000
122 126.66700 355.63599 100.00000
123 253.33299 373.09100 100.00000
124 380.00000 390.54501 100.00000
125 0.00000 394.54501 100.00000
126 126.66700 414.90900 100.00000
127 253.33299 435.27301 100.00000
128 380.00000 455.63599 100.00000
129 0.00001 450.90900 100.00000
130 126.66700 474.18201 100.00000
131 253.33299 497.45499 100.00000
132 380.00000 520.72699 100.00000
133 0.00000 507.27301 100.00000
134 126.66700 533.45502 100.00000
135 253.33299 559.63599 100.00000
136 380.00000 585.81799 100.00000
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137 0.00000 563.63599 100.00000
138 126.66700 592.72699 100.00000
139 253.33299 621.81799 100.00000
140 380.00000 650.90900 100.00000
141 0.00000 620.00000 100.00000
142 126.66700 652.00000 100.00000
143 253.33299 684.00000 100.00000
144 380.00000 716.00000 100.00000
145 0.00000 0.00000 150.00000
146 126.66700 0.00002 150.00000
147 253.33299 0.00000 150.00000
148 380.00000 0.00000 150.00000
149 0.00002 56.36370 150.00000
150 126.66700 59.27270 150.00000
151 253.33299 62.18180 150.00000
152 380.00000 65.09090 150.00000
153 0.00002 112.72700 150.00000
154 126.66700 118.54500 150.00000
155 253.33299 124.36400 150.00000
156 380.00000 130.18201 150.00000
157 0.00000 169.09100 150.00000
158 126.66700 177.81799 150.00000
159 253.33299 186.54500 150.00000
160 380.00000 195.27299 150.00000
161 0.00000 225.45500 150.00000
162 126.66700 237.09100 150.00000
163 253.33299 248.72701 150.00000
164 380.00000 260.36401 150.00000
165 0.00001 281.81799 150.00000
166 126.66700 296.36401 150.00000
167 253.33299 310.90900 150.00000
168 380.00000 325.45499 150.00000
169 0.00000 338.18201 150.00000
170 126.66700 355.63599 150.00000
171 253.33299 373.09100 150.00000
172 380.00000 390.54501 150.00000
173 0.00000 394.54501 150.00000
174 126.66700 414.90900 150.00000
175 253.33299 435.27301 150.00000
176 380.00000 455.63599 150.00000
177 0.00000 450.90900 150.00000
178 126.66700 474.18201 150.00000
179 253.33299 497.45499 150.00000
180 380.00000 520.72699 150.00000
181 0.00000 507.27301 150.00000
182 126.66700 533.45502 150.00000
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183 253.33299 559.63599 150.00000
184 380.00000 585.81799 150.00000
185 0.00000 563.63599 150.00000
186 126.66700 592.72699 150.00000
187 253.33299 621.81799 150.00000
188 380.00000 650.90900 150.00000
189 0.00000 620.00000 150.00000
190 126.66700 652.00000 150.00000
191 253.33299 684.00000 150.00000
192 380.00000 716.00000 150.00000
193 503.33301 0.00000 0.00000
194 626.66699 0.00000 0.00000
195 750.00000 0.00000 0.00000
196 503.33301 63.27270 0.00000
197 626.66699 61.45460 0.00000
198 750.00000 59.63630 0.00000
199 503.33301 126.54500 0.00000
200 626.66699 122.90900 0.00000
201 750.00000 119.27300 0.00000
202 503.33301 189.81799 0.00000
203 626.66699 184.36400 0.00000
204 750.00000 178.90900 0.00000
205 503.33301 253.09100 0.00000
206 626.66699 245.81799 0.00000
207 750.00000 238.54500 0.00000
208 503.33301 316.36401 0.00001
209 626.66699 307.27301 0.00000
210 750.00000 298.18201 0.00000
211 503.33301 379.63599 0.00001
212 626.66699 368.72699 0.00000
213 750.00000 357.81799 0.00000
214 503.33301 442.90900 0.00000
215 626.66699 430.18201 0.00000
216 750.00000 417.45499 0.00000
217 503.33301 506.18201 0.00000
218 626.66699 491.63599 0.00000
219 750.00000 477.09100 0.00000
220 503.33301 569.45502 0.00000
221 626.66699 553.09100 0.00000
222 750.00000 536.72699 0.00000
223 503.33301 632.72699 0.00000
224 626.66699 614.54602 0.00000
225 750.00000 596.36401 0.00000
226 503.33301 696.00000 0.00000
227 626.66699 676.00000 0.00000
228 750.00000 656.00000 0.00000
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229 503.33301 0.00004 50.00000
230 626.66699 0.00000 50.00000
231 750.00000 0.00002 50.00000
232 503.33301 63.27270 50.00000
233 626.66699 61.45460 50.00000
234 750.00000 59.63640 50.00000
235 503.33301 126.54600 50.00000
236 626.66602 122.90900 50.00000
237 750.00000 119.27300 50.00000
238 503.33301 189.81799 50.00000
239 626.66699 184.36400 50.00000
240 750.00000 178.90900 50.00000
241 503.33301 253.09100 50.00000
242 626.66699 245.81799 50.00000
243 750.00000 238.54601 50.00000
244 503.33301 316.36401 50.00000
245 626.66699 307.27301 50.00000
246 750.00000 298.18201 50.00000
247 503.33301 379.63599 50.00000
248 626.66699 368.72699 50.00000
249 750.00000 357.81799 50.00000
250 503.33301 442.90900 50.00000
251 626.66602 430.18201 50.00000
252 750.00000 417.45499 50.00000
253 503.33301 506.18201 50.00000
254 626.66699 491.63599 50.00000
255 750.00000 477.09100 50.00000
256 503.33301 569.45502 50.00000
257 626.66699 553.09100 50.00000
258 750.00000 536.72699 50.00000
259 503.33301 632.72699 50.00000
260 626.66699 614.54498 50.00000
261 750.00000 596.36401 50.00000
262 503.33301 696.00000 50.00000
263 626.66699 676.00000 50.00000
264 750.00000 656.00000 50.00000
265 503.33301 0.00000 100.00000
266 626.66699 0.00000 100.00000
267 750.00000 0.00000 100.00000
268 503.33301 63.27270 100.00000
269 626.66699 61.45450 100.00000
270 750.00000 59.63630 100.00000
271 503.33301 126.54500 100.00000
272 626.66699 122.90900 100.00000
273 750.00000 119.27300 100.00000
274 503.33301 189.81799 100.00000
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275 626.66699 184.36400 100.00000
276 750.00000 178.90900 100.00000
277 503.33301 253.09100 100.00000
278 626.66699 245.81799 100.00000
279 750.00000 238.54500 100.00000
280 503.33301 316.36401 100.00000
281 626.66699 307.27301 100.00000
282 750.00000 298.18201 100.00000
283 503.33301 379.63599 100.00000
284 626.66699 368.72699 100.00000
285 750.00000 357.81799 100.00000
286 503.33301 442.90900 100.00000
287 626.66699 430.18201 100.00000
288 750.00000 417.45499 100.00000
289 503.33301 506.18201 100.00000
290 626.66699 491.63599 100.00000
291 750.00000 477.09100 100.00000
292 503.33301 569.45502 100.00000
293 626.66699 553.09100 100.00000
294 750.00000 536.72699 100.00000
295 503.33301 632.72699 100.00000
296 626.66699 614.54602 100.00000
297 750.00000 596.36401 100.00000
298 503.33301 696.00000 100.00000
299 626.66699 676.00000 100.00000
300 750.00000 656.00000 100.00000
301 503.33301 0.00002 150.00000
302 626.66699 0.00000 150.00000
303 750.00000 0.00000 150.00000
304 503.33301 63.27270 150.00000
305 626.66699 61.45460 150.00000
306 750.00000 59.63640 150.00000
307 503.33301 126.54500 150.00000
308 626.66699 122.90900 150.00000
309 750.00000 119.27300 150.00000
310 503.33301 189.81799 150.00000
311 626.66699 184.36400 150.00000
312 750.00000 178.90900 150.00000
313 503.33301 253.09100 150.00000
314 626.66699 245.81799 150.00000
315 750.00000 238.54500 150.00000
316 503.33301 316.36401 150.00000
317 626.66699 307.27301 150.00000
318 750.00000 298.18201 150.00000
319 503.33301 379.63599 150.00000
320 626.66699 368.72699 150.00000
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321 750.00000 357.81799 150.00000
322 503.33301 442.90900 150.00000
323 626.66699 430.18201 150.00000
324 750.00000 417.45499 150.00000
325 503.33301 506.18201 150.00000
326 626.66699 491.63599 150.00000
327 750.00000 477.09100 150.00000
328 503.33301 569.45502 150.00000
329 626.66699 553.09100 150.00000
330 750.00000 536.72699 150.00000
331 503.33301 632.72699 150.00000
332 626.66699 614.54602 150.00000
333 750.00000 596.36401 150.00000
334 503.33301 696.00000 150.00000
335 626.66699 676.00000 150.00000
336 750.00000 656.00000 150.00000
337 856.66699 0.00000 0.00000
338 963.33301 0.00000 0.00000
339 1070.00000 0.00000 0.00000
340 856.14099 58.42420 0.00000
341 964.38397 57.21220 0.00000
342 1074.72998 56.00000 0.00000
343 855.61603 116.84800 0.00000
344 965.43402 114.42400 0.00000
345 1079.44995 112.00000 0.00000
346 855.09100 175.27299 0.00000
347 966.48499 171.63600 0.00000
348 1084.18005 168.00000 0.00000
349 854.56598 233.69701 0.00000
350 967.53497 228.84801 0.00000
351 1088.91003 224.00000 0.00000
352 854.03998 292.12100 0.00001
353 968.58600 286.06100 0.00000
354 1093.64001 280.00000 0.00000
355 853.51501 350.54501 0.00001
356 969.63599 343.27301 0.00000
357 1098.35999 336.00000 0.00000
358 852.98999 408.97000 0.00000
359 970.68701 400.48499 0.00000
360 1103.08997 392.00000 0.00000
361 852.46503 467.39401 0.00000
362 971.73700 457.69699 0.00000
363 1107.81995 448.00000 0.00000
364 851.93903 525.81799 0.00000
365 972.78802 514.90900 0.00000
366 1112.55005 504.00000 0.00000
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367 85 L41400 584.24200 0.00000
368 973.83801 572.12097 0.00000
369 1117.27002 560.00000 0.00000
370 850.88898 642.66699 0.00000
371 974.88898 629.33301 0.00000
372 1122.00000 616.00000 0.00000
373 856.66699 0.00004 50.00000
374 963.33301 0.00000 50.00000
375 1070.00000 0.00002 50.00000
376 856.14099 58.42420 50.00000
377 964.38397 57.21210 50.00000
378 1074.72998 56.00000 50.00000
379 855.61603 116.84900 50.00000
380 965.43402 114.42400 50.00000
381 1079.44995 112.00000 50.00000
382 855.09100 175.27299 50.00000
383 966.48499 171.63600 50.00000
384 1084.18005 168.00000 50.00000
385 854.56598 233.69701 50.00000
386 967.53601 228.84900 50.00000
387 1088.91003 224.00000 50.00000
388 854.03998 292.12100 50.00000
389 968.58600 286.06100 50.00000
390 1093.64001 280.00000 50.00000
391 853.51501 350.54501 50.00000
392 969.63599 343.27301 50.00000
393 1098.35999 336.00000 50.00000
394 852.98999 408.97000 50.00000
395 970.68701 400.48499 50.00000
396 1103.08997 392.00000 50.00000
397 852.46503 467.39401 50.00000
398 971.73700 457.69699 50.00000
399 1107.81995 448.00000 50.00000
400 851.94000 525.81799 50.00000
401 972.78802 514.90900 50.00000
402 1112.55005 504.00000 50.00000
403 851.41400 584.24200 50.00000
404 973.83801 572.12097 50.00000
405 1117.27002 560.00000 50.00000
406 850.88898 642.66699 50.00000
407 974.88898 629.33301 50.00000
408 1122.00000 616.00000 50.00000
409 856.66699 0.00000 100.00000
410 963.33301 0.00000 100.00000
411 1070.00000 0.00000 100.00000
412 856.14099 58.42420 100.00000
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413 964.38397 57.21210 100.00000
414 1074.72998 56.00000 100.00000
415 855.61603 116.84900 100.00000
416 965.43402 114.42400 100.00000
417 1079.44995 112.00000 100.00000
418 855.09100 175.27299 100.00000
419 966.48499 171.63600 100.00000
420 1084.18005 168.00000 100.00000
421 854.56598 233.69701 100.00000
422 967.53497 228.84801 100.00000
423 1088.91003 224.00000 100.00000
424 854.03998 292.12100 100.00000
425 968.58600 286.06100 100.00000
426 1093.64001 280.00000 100.00000
427 853.51501 350.54501 100.00000
428 969.63599 343.27301 100.00000
429 1098.35999 336.00000 100.00000
430 852.98999 408.97000 100.00000
431 970.68701 400.48499 100.00000
432 1103.08997 392.00000 100.00000
433 852.46503 467.39401 100.00000
434 971.73700 457.69699 100.00000
435 1107.81995 448.00000 100.00000
436 851.93903 525.81799 100.00000
437 972.78802 514.90900 100.00000
438 1112.55005 504.00000 100.00000
439 851.41400 584.24200 100.00000
440 973.83801 572.12097 100.00000
441 1117.27002 560.00000 100.00000
442 850.88898 642.66699 100.00000
443 974.88898 629.33301 100.00000
444 1122.00000 616.00000 100.00000
445 856.66699 0.00002 150.00000
446 963.33301 0.00000 150.00000
447 1070.00000 0.00000 150.00000
448 856.14099 58.42420 150.00000
449 964.38397 57.21210 150.00000
450 1074.72998 56.00000 150.00000
451 855.61603 116.84800 150.00000
452 965.43402 114.42400 150.00000
453 1079.44995 112.00000 150.00000
454 855.09100 175.27299 150.00000
455 966.48499 171.63600 150.00000
456 1084.18005 168.00000 150.00000
457 854.56598 233.69701 150.00000
458 967.53497 228.84801 150.00000
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459 1088.91003 224.00000 150.00000
460 854.03998 292.12100 150.00000
461 968.58600 286.06100 150.00000
462 1093.64001 280.00000 150.00000
463 853.51501 350.54501 150.00000
464 969.63599 343.27301 150.00000
465 1098.35999 336.00000 150.00000
466 852.98999 408.97000 150.00000
467 970.68701 400.48499 150.00000
468 1103.08997 392.00000 150.00000
469 852.46503 467.39401 150.00000
470 971.73700 457.69699 150.00000
471 1107.81995 448.00000 150.00000
472 851.93903 525.81799 150.00000
473 972.78802 514.90900 150.00000
474 1112.55005 504.00000 150.00000
475 851.41400 584.24200 150.00000
476 973.83801 572.12097 150.00000
477 1117.27002 560.00000 150.00000
478 850.88898 642.66699 150.00000
479 974.88898 629.33301 150.00000
480 1122.00000 616.00000 150.00000
481 1122.00000 0.00000 0.00000
482 1125.81995 55.09090 0.00000
483 1129.64001 110.18200 0.00000
484 1133.44995 165.27299 0.00000
485 1137.27002 220.36400 0.00000
486 1141.08997 275.45499 0.00000
487 1144.91003 330.54501 0.00000
488 1148.72998 385.63599 0.00000
489 1152.55005 440.72699 0.00000
490 1156.35999 495.81799 -0.00001
491 1160.18005 550.90900 0.00000
492 1164.00000 606.00000 0.00000
493 1122.00000 0.00002 50.00000
494 1125.81995 55.09100 50.00000
495 1129.64001 110.18200 50.00000
496 1133.44995 165.27299 50.00000
497 1137.27002 220.36400 50.00000
498 1141.08997 275.45499 50.00000
499 1144.91003 330.54501 50.00000
500 1148.72998 385.63599 50.00000
501 1152.55005 440.72699 50.00000
502 1156.35999 495.81799 50.00000
503 1160.18005 550.90900 50.00000
504 1164.00000 606.00000 50.00000
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505 1122.00000 0.00000 100.00000
506 1125.81995 55.09090 100.00000
507 1129.64001 110.18200 100.00000
508 1133.44995 165.27299 100.00000
509 1137.27002 220.36400 100.00000
510 1141.08997 275.45499 100.00000
511 1144.91003 330.54501 100.00000
512 1148.72998 385.63599 100.00000
513 1152.55005 440.72699 100.00000
514 1156.35999 495.81799 100.00000
515 1160.18005 550.90900 100.00000
516 1164.00000 606.00000 100.00000
517 1122.00000 0.00000 150.00000
518 1125.81995 55.09090 150.00000
519 1129.64001 110.18200 150.00000
520 1133.44995 165.27299 150.00000
521 1137.27002 220.36400 150.00000
522 1141.08997 275.45499 150.00000
523 1144.91003 330.54501 150.00000
524 1148.72998 385.63599 150.00000
525 1152.55005 440.72699 150.00000
526 1156.35999 495.81799 150.00000
527 1160.18005 550.90900 150.00000
528 1164.00000 606.00000 150.00000
529 1250.80005 0.00000 0.00000
530 1378.00000 0.00000 0.00000
531 1503.59998 0.00000 0.00000
532 1627.59998 0.00000 0.00000
533 1750.00000 0.00000 0.00000
534 1253.56006 54.43630 0.00000
535 1379.84998 53.78180 0.00001
536 1504.68994 53.12730 0.00001
537 1628.06995 52.47270 0.00000
538 1750.00000 51.81820 0.00000
539 1256.32996 108.87300 0.00000
540 1381.70996 107.56400 0.00000
541 1505.78003 106.25500 0.00000
542 1628.55005 104.94500 0.00000
543 1750.00000 103.63600 0.00000
544 1259.08997 163.30901 0.00000
545 1383.56006 161.34500 0.00000
546 1506.87000 159.38200 0.00000
547 1629.02002 157.41800 0.00000
548 1750.00000 155.45500 0.00000
549 1261.84998 217.74500 0.00000
550 1385.42004 215.12700 0.00000
















































1507.95996 212.50900 0.00000 
1629.48999 209.89101 0.00000
1750.00000 207.27299 0.00000 
1264.62000 272.18201 0.00000 









1270.15002 381.05499 0.00000 








1750.00000 414.54501 0.00000 
1275.67004 489.92700 0.00000




1278.43994 544.36401 0.00000 
1396.55005 537.81799 0.00000 
1514.51001 531.27301 0.00000
1632.32996 524.72699 0.00000
1750.00000 518.18201 0.00000 
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597 1628.06995 52.47280 50.00000
598 1750.00000 51.81820 50.00000
599 1256.32996 108.87300 50.00000
600 1381.70996 107.56400 50.00000
601 1505.78003 106.25500 50.00000
602 1628.55005 104.94600 50.00000
603 1750.00000 103.63600 50.00000
604 1259.08997 163.30901 50.00000
605 1383.56006 161.34500 50.00000
606 1506.87000 159.38200 50.00000
607 1629.02002 157.41800 50.00000
608 1750.00000 155.45500 50.00000
609 1261.84998 217.74500 50.00000
610 1385.42004 215.12700 50.00000
611 1507.95996 212.50900 50.00000
612 1629.48999 209.89101 50.00000
613 1750.00000 207.27299 50.00000
614 1264.62000 272.18201 50.00000
615 1387.27002 268.90900 50.00000
616 1509.05005 265.63599 50.00000
617 1629.95996 262.36401 50.00000
618 1750.00000 259.09100 50.00000
619 1267.38000 326.61801 50.00000
620 1389.13000 322.69101 50.00000
621 1510.15002 318.76401 50.00000
622 1630.43994 314.83600 50.00000
623 1750.00000 310.90900 50.00000
624 1270.15002 381.05499 50.00000
625 1390.97998 376.47299 50.00000
626 1511.23999 371.89099 50.00000
627 1630.91003 367.30899 50.00000
628 1750.00000 362.72699 50.00000
629 1272.91003 435.49100 50.00000
630 1392.83997 430.25500 50.00000
631 1512.32996 425.01801 50.00000
632 1631.38000 419.78201 50.00000
633 1750.00000 414.54599 50.00000
634 1275.67004 489.92700 50.00000
635 1394.68994 484.03601 50.00000
636 1513.42004 478.14499 50.00000
637 1631.84998 472.25400 50.00000
638 1750.00000 466.36401 50.00000
639 1278.43994 544.36401 50.00000
640 1396.55005 537.81799 50.00000
641 1514.51001 531.27301 50.00000
642 1632.32996 524.72699 50.00000
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643 1750.00000 518.18201 50.00000
644 1281.19995 598.79999 50.00000
645 1398.40002 591.59998 50.00000
646 1515.59998 584.40002 50.00000
647 1632.80005 577.20001 50.00000
648 1750.00000 570.00000 50.00000
649 1250.80005 -0.00004 100.00000
650 1378.00000 0.00000 100.00000
651 1503.59998 0.00000 100.00000
652 1627.59998 0.00000 100.00000
653 1750.00000 0.00000 100.00000
654 1253.56006 54.43640 100.00000
655 1379.84998 53.78190 100.00000
656 1504.68994 53.12730 100.00000
657 1628.06995 52.47270 100.00000
658 1750.00000 51.81820 100.00000
659 1256.32996 108.87300 100.00000
660 1381.70996 107.56400 100.00000
661 1505.78003 106.25500 100.00000
662 1628.55005 104.94500 100.00000
663 1750.00000 103.63600 100.00000
664 1259.08997 163.30901 100.00000
665 1383.56006 161.34500 100.00000
6 6 6  1506.87000 159.38200 100.00000
667 1629.02002 157.41800 100.00000
6 6 8  1750.00000 155.45399 100.00000
669 1261.84998 217.74600 100.00000
670 1385.42004 215.12700 100.00000
671 1507.95996 212.50900 100.00000
672 1629.48999 209.89101 100.00000
673 1750.00000 207.27299 100.00000
674 1264.62000 272.18201 100.00000
675 1387.27002 268.90900 100.00000
676 1509.05005 265.63599 100.00000
677 1629.95996 262.36401 100.00000
678 1750.00000 259.09100 100.00000
679 1267.38000 326.61801 100.00000
680 1389.13000 322.69101 100.00000
681 1510.15002 318.76401 100.00000
682 1630.43994 314.83600 100.00000
683 1750.00000 310.90900 100.00000
684 1270.15002 381.05499 100.00000
685 1390.97998 376.47299 100.00000
6 8 6  1511.23999 371.89099 100.00000
687 1630.91003 367.30899 100.00000
688 1750.00000 362.72699 100.00000
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689 1272.91003 435.49100 100.00000
690 1392.83997 430.25500 100.00000
691 1512.32996 425.01801 100.00000
692 1631.38000 419.78201 100.00000
693 1750.00000 414.54599 100.00000
694 1275.67004 489.92700 100.00000
695 1394.68994 484.03601 100.00000
696 1513.42004 478.14499 100.00000
697 1631.84998 472.25400 100.00000
698 1750.00000 466.36401 100.00000
699 1278.43994 544.36401 100.00000
700 1396.55005 537.81799 100.00000
701 1514.51001 531.27301 100.00000
702 1632.32996 524.72699 100.00000
703 1750.00000 518.18201 100.00000
704 1281.19995 598.79999 100.00000
705 1398.40002 591.59998 100.00000
706 1515.59998 584.40002 100.00000
707 1632.80005 577.20001 100.00000
708 1750.00000 570.00000 100.00000
709 1250.80005 0.00000 150.00000
710 1378.00000 0.00000 150.00000
711 1503.59998 0.00000 150.00000
712 1627.59998 0.00000 150.00000
713 1750.00000 0.00000 150.00000
714 1253.56006 54.43640 150.00000
715 1379.84998 53.78180 150.00000
716 1504.68994 53.12730 150.00000
717 1628.06995 52.47270 150.00000
718 1750.00000 51.81820 150.00000
719 1256.32996 108.87300 150.00000
720 1381.70996 107.56400 150.00000
721 1505.78003 106.25500 150.00000
722 1628.55005 104.94500 150.00000
723 1750.00000 103.63600 150.00000
724 1259.08997 163.30901 150.00000
725 1383.56006 161.34500 150.00000
726 1506.87000 159.38200 150.00000
727 1629.02002 157.41800 150.00000
728 1750.00000 155.45500 150.00000
729 1261.84998 217.74500 150.00000
730 1385.42004 215.12700 150.00000
731 1507.95996 212.50900 150.00000
732 1629.48999 209.89101 150.00000
733 1750.00000 207.27299 150.00000
734 1264.62000 272.18201 150.00000
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735 1387.27002 268.90900 150.00000
736 1509.05005 265.63599 150.00000
737 1629.95996 262.36401 150.00000
738 1750.00000 259.09100 150.00000
739 1267.38000 326.61801 150.00000
740 1389.13000 322.69101 150.00000
741 1510.15002 318.76401 150.00000
742 1630.43994 314.83600 150.00000
743 1750.00000 310.90900 150.00000
744 1270.15002 381.05499 150.00000
745 1390.97998 376.47299 150.00000
746 1511.23999 371.89099 150.00000
747 1630.91003 367.30899 150.00000
748 1750.00000 362.72699 150.00000
749 1272.91003 435.49100 150.00000
750 1392.83997 430.25500 150.00000
751 1512.32996 425.01801 150.00000
752 1631.38000 419.78201 150.00000
753 1750.00000 414.54501 150.00000
754 1275.67004 489.92700 150.00000
755 1394.68994 484.03601 150.00000
756 1513.42004 478.14499 150.00000
757 1631.84998 472.25500 150.00000
758 1750.00000 466.36401 150.00000
759 1278.43994 544.36401 150.00000
760 1396.55005 537.81799 150.00000
761 1514.51001 531.27301 150.00000
762 1632.32996 524.72699 150.00000
763 1750.00000 518.18201 150.00000
764 1281.19995 598.79999 150.00000
765 1398.40002 591.59998 150.00000
766 1515.59998 584.40002 150.00000
767 1632.80005 577.20001 150.00000
768 1750.00000 570.00000 150.00000
*  element number, connectivity o f the element, source term, hydraulic conductivity in 
x,y,x direction.
1 1 2 6  5 49 50 54 53 0.0 0.0050000 0.0020000 0.0050000
2 2 3 7 6  50 51 55 54 0.0 0.0050000 0.0020000 0.0050000
3 3 4 8 7 51 52 56 55 0.0 0.0050000 0.0020000 0.0050000
4 5 6  10 9 53 54 58 57 0.0 0.0050000 0.0020000 0.0050000
5 6  7 11 10 54 55 59 58 0.0 0.0050000 0.0020000 0.0050000
6  7 8  12 11 55 56 60 59 0.0 0.0050000 0.0020000 0.0050000
7 9 10 14 13 57 58 62 61 0.0 0.0050000 0.0030000 0.0050000
8  10 11 15 14 58 59 63 62 0.0 0.0050000 0.0030000 0.0050000
9 11 12 16 15 59 60 64 63 0.0 0.0050000 0.0030000 0.0050000
10 13 14 18 17 61 62 6 6  65 0.0 0.0050000 0.0030000 0.0050000
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69 99 1 0 0 104 103 147 148 152 151 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
70 1 0 1 1 0 2 106 105 149 150 154 153 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
71 1 0 2 103 107 106 150 151 155 154 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
72 103 104 108 107 151 152 156 155 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
73 105 106 1 1 0 109 153 154 158 157 0 . 0 0.0050000 0.0030000 0.0050000
74 106 107 1 1 1 1 1 0 154 155 159 158 0 . 0 0.0050000 0.0030000 0.0050000
75 107 108 1 1 2 1 1 1 155 156 160 159 0 . 0 0.0050000 0.0030000 0.0050000
76 109 1 1 0 114 113 157 158 162 161 0 . 0 0.0050000 0.0030000 0.0050000
77 1 1 0 1 1 1 115 114 158 159 163 162 0 . 0 0.0050000 0.0030000 0.0050000
78 1 1 1 1 1 2 116 115 159 160 164 163 0 . 0 0.0050000 0.0030000 0.0050000
79 113 114 118 117 161 162 166 165 0 . 0 0.0050000 0.0050000 0.0050000
80 114 115 119 118 162 163 167 166 0 . 0 0.0050000 0.0050000 0.0050000
81 115 116 1 2 0 119 163 164 168 167 0 . 0 0.0050000 0.0050000 0.0050000
82 117 118 1 2 2 1 2 1 165 166 170 169 0 . 0 0.0059000 0.0059000 0.0059000
83 118 119 123 1 2 2 166 167 171 170 0 . 0 0.0059000 0.0059000 0.0059000
84 119 1 2 0 124 123 167 168 172 171 0 . 0 0.0059000 0.0059000 0.0059000
85 1 2 1 1 2 2 126 125 169 170 174 173 0 . 0 0.0050000 0.0050000 0.0050000
8 6 1 2 2 123 127 126 170 171 175 174 0 . 0 0.0050000 0.0050000 0.0050000
87 123 124 128 127 171 172 176 175 0 . 0 0.0050000 0.0050000 0.0050000
8 8 125 126 130 129 173 174 178 177 0 . 0 0.0050000 0.0050000 0.0050000
89 126 127 131 130 174 175 179 178 0 . 0 0.0050000 0.0050000 0.0050000
90 127 128 132 131 175 176 180 179 0 . 0 0.0050000 0.0050000 0.0050000
91 129 130 134 133 177 178 182 181 0 . 0 0.0050000 0.0050000 0.0050000
92 130 131 135 134 178 179 183 182 0 . 0 0.0050000 0.0050000 0.0050000
93 131 132 136 135 179 180 184 183 0 . 0 0.0050000 0.0050000 0.0050000
94 133 134 138 137 181 182 186 185 0 . 0 0.0050000 0.0055000 0.0050000
95 134 135 139 138 182 183 187 186 0 . 0 0.0050000 0.0055000 0.0050000
96 135 136 140 139 183 184 188 187 0 . 0 0.0050000 0.0055000 0.0050000
97 137 138 142 141 185 186 190 189 0 . 0 0.0075000 0.0063000 0.0075000
98 138 139 143 142 186 187 191 190 0 . 0 0.0075000 0.0063000 0.0075000
99 139 140 144 143 187 188 192 191 0 . 0 0.0075000 0.0063000 0.0075000
1 0 0 4 193 196 8  52 229 232 56 0.0 0.0050000 0.0020000 0.0050000
1 0 1 193 194 197 196 229 230 233 232 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
1 0 2 194 195 198 197 230 231 234 233 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
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103 8  196 199 12 56 232 235 60 0.0 0.0050000 0.0020000 0.0050000
104 196 197 200 199 232 233 236 235 0.0 0.0050000 0.0020000 0.0050000
105 197 198 201 200 233 234 237 236 0.0 0.0050000 0.0020000 0.0050000
106 12 199 202 16 60 235 238 64 0.0 0.0050000 0.0030000 0.0050000
107 199 200 203 202 235 236 239 238 0.0 0.0050000 0.0030000 0.0050000
108 200 201 204 203 236 237 240 239 0.0 0.0050000 0.0030000 0.0050000
109 16 202 205 20 64 238 241 6 8  0.0 0.0050000 0.0030000 0.0050000
110 202 203 206 205 238 239 242 241 0.0 0.0050000 0.0030000 0.0050000
111 203 204 207 206 239 240 243 242 0.0 0.0050000 0.0030000 0.0050000
112 20 205 208 24 6 8  241 244 72 0.0 0.0050000 0.0050000 0.0050000
113 205 206 209 208 241 242 245 244 0.0 0.0050000 0.0050000 0.0050000
114 206 207 210 209 242 243 246 245 0.0 0.0050000 0.0050000 0.0050000
115 24 208 211 28 72 244 247 76 0.0 0.0059000 0.0059000 0.0059000
116 208 209 212 211 244 245 248 247 0.0 0.0059000 0.0059000 0.0059000
117 209 210 213 212 245 246 249 248 0.0 0.0059000 0.0059000 0.0059000
118 28 211 214 32 76 247 250 80 0.0 0.0050000 0.0050000 0.0050000
119 211 212 215 214 247 248 251 250 0.0 0.0050000 0.0050000 0.0050000
120 212 213 216 215 248 249 252 251 0.0 0.0050000 0.0050000 0.0050000
121 32 214 217 36 80 250 253 84 0.0 0.0050000 0.0050000 0.0050000
122 214 215 218 217 250 251 254 253 0.0 0.0050000 0.0050000 0.0050000
123 215 216 219 218 251 252 255 254 0.0 0.0050000 0.0050000 0.0050000
124 36 217 220 40 84 253 256 8 8  0.0 0.0050000 0.0050000 0.0050000
125 217 218 221 220 253 254 257 256 0.0 0.0050000 0.0050000 0.0050000
126 218 219 222 221 254 255 258 257 0.0 0.0050000 0.0050000 0.0050000
127 40 220 223 44 8 8  256 259 92 0.0 0.0050000 0.0055000 0.0050000
128 220 221 224 223 256 257 260 259 0.0 0.0050000 0.0055000 0.0050000
129 221 222 225 224 257 258 261 260 0.0 0.0050000 0.0055000 0.0050000
130 44 223 226 48 92 259 262 96 0.0 0.0075000 0.0063000 0.0075000
131 223 224 227 226 259 260 263 262 0.0 0.0075000 0.0063000 0.0075000
132 224 225 228 227 260 261 264 263 0.0 0.0075000 0.0063000 0.0075000
133 52 229 232 56 100 265 268 104 0.0 0.0050000 0.0020000 0.0050000
134 229 230 233 232 265 266 269 268 0.0 0.0050000 0.0020000 0.0050000
135 230 231 234 233 266 267 270 269 0.0 0.0050000 0.0020000 0.0050000
136 56 232 235 60 104 268 271 108 0.0 0.0050000 0.0020000 0.0050000
137 232 233 236 235 268 269 272 271 0.0 0.0050000 0.0020000 0.0050000
138 233 234 237 236 269 270 273 272 0.0 0.0050000 0.0020000 0.0050000
139 60 235 238 64 108 271 274 112 0.0 0.0050000 0.0030000 0.0050000
140 235 236 239 238 271 272 275 274 0.0 0.0050000 0.0030000 0.0050000
141 236 237 240 239 272 273 276 275 0.0 0.0050000 0.0030000 0.0050000
142 64 238 241 6 8  112 274 277 116 0.0 0.0050000 0.0030000 0.0050000
143 238 239 242 241 274 275 278 277 0.0 0.0050000 0.0030000 0.0050000
144 239 240 243 242 275 276 279 278 0.0 0.0050000 0.0030000 0.0050000
145 6 8  241 244 72 116 277 280 120 0.0 0.0050000 0.0050000 0.0050000
146 241 242 245 244 277 278 281 280 0.0 0.0050000 0.0050000 0.0050000
147 242 243 246 245 278 279 282 281 0.0 0.0050000 0.0050000 0.0050000
148 72 244 247 76 120 280 283 124 0.0 0.0059000 0.0059000 0.0059000






























































































247 280 281 284 283 0.1
248 281 282 285 284 0.0
80 124 283 286 128 0.0
250 283 284 287 286 0.0
251 284 285 288 287 0.0
84 128 286 289 132 0.0
253 286 287 290 289 0.0
254 287 288 291 290 0.0
8 8  132 289 292 136 0.0
256 289 290 293 292 0.0
257 290 291 294 293 0.0
92 136 292 295 140 0.0
259 292 293 296 295 0.0
260 293 294 297 296 0.0
96 140 295 298 144 0.0
262 295 296 299 298 0.0
263 296 297 300 299 0.0
104 148 301 304 152 0.0
268 301 302 305 304 0.0
269 302 303 306 305 0.0
108 152 304 307 156 0.0
271 304 305 308 307 0.0
272 305 306 309 308 0.0
112 156 307 310 
274 307 308 311
160 0 . 0  
310 0.0 
275 308 309 312 311 0.0 
116 160 310 313 164 0.0
277 310 311 314 313 0.0
278 311 312 315 314 0.0 
120 164 313 316 168 0.0
280 313 314 317 316 0.0
281 314 315 318 317 0.0 
124 168 316 319 172 0.0
283 316 317 320 319 0.0
284 317 318 321 320 0.0 
128 172 319 322 176 0.0
286 319 320 323 322 0.0
287 320 321 324 323 0.0 
132 176 322 325 180 0.0
289 322 323 326 325 0.0
290 323 324 327 326 0.0 
136 180 325 328 184 0.0
292 325 326 329 328 0.0
293 326 327 330 329 0.0 
140 184 328 331 188 0.0 
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195 293 294 297 296 329 330 333 332 0 . 0 0.0050000 0.0055000 0.0050000
196 140 295 298 144 188 331 334 192 0 . 0 0.0075000 0.0063000 0.0075000
197 295 296 299 298 331 332 335 334 0 . 0 0.0075000 0.0063000 0.0075000
198 296 297 300 299 332 333 336 335 0 . 0 0.0075000 0.0063000 0.0075000
199 195 337 340 198 231 373 376 234 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
2 0 0 337 338 341 340 373 374 377 376 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
2 0 1 338 339 342 341 374 375 378 377 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
2 0 2 198 340 343 2 0 1 234 376 379 237 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
203 340 341 344 343 376 377 380 379 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
204 341 342 345 344 377 378 381 380 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
205 2 0 1 343 346 204 237 379 382 240 0 . 0 0.0050000 0.0030000 0.0050000
206 343 344 347 346 379 380 383 382 0 . 0 0.0050000 0.0030000 0.0050000
207 344 345 348 347 380 381 384 383 0 . 0 0.0050000 0.0030000 0.0050000
208 204 346 349 207 240 382 385 243 0 . 0 0.0050000 0.0030000 0.0050000
209 346 347 350 349 382 383 386 385 0 . 0 0.0050000 0.0030000 0.0050000
2 1 0 347 348 351 350 383 384 387 386 0 . 0 0.0050000 0.0030000 0.0050000
2 1 1 207 349 352 2 1 0 243 385 388 246 0 . 0 0.0050000 0.0050000 0.0050000
2 1 2 349 350 353 352 385 386 389 388 0 . 0 0.0050000 0.0050000 0.0050000
213 350 351 354 353 386 387 390 389 0 . 0 0.0050000 0.0050000 0.0050000
214 2 1 0 352 355 213 246 388 391 249 0 . 0 0.0059000 0.0059000 0.0059000
215 352 353 356 355 388 389 392 391 0 . 0 0.0059000 0.0059000 0.0059000
2 1 6 353 354 357 356 389 390 393 392 0 . 0 0.0059000 0.0059000 0.0059000
217 213 355 358 216 249 391 394 252 0 . 0 0.0050000 0.0050000 0.0050000
218 355 356 359 358 391 392 395 394 0 . 0 0.0050000 0.0050000 0.0050000
219 356 357 360 359 392 393 396 395 0 . 0 0.0050000 0.0050000 0.0050000
2 2 0 216 358 361 219 252 394 397 255 0 . 0 0.0050000 0.0050000 0.0050000
2 2 1 358 359 362 361 394 395 398 397 0 . 0 0.0050000 0.0050000 0.0050000
2 2 2 359 360 363 362 395 396 399 398 0 . 0 0.0050000 0.0050000 0.0050000
223 219 361 364 222 255 397 400 258 0 . 0 0.0050000 0.0050000 0.0050000
224 361 362 365 364 397 398 401 400 0 . 0 0.0050000 0.0050000 0.0050000
225 362 363 366 365 398 399 402 401 0 . 0 0.0050000 0.0050000 0.0050000
226 2 2 2 364 367 225 258 400 403 261 0 . 0 0.0050000 0.0055000 0.0050000
227 364 365 368 367 400 401 404 403 0 . 0 0.0050000 0.0055000 0.0050000
228 365 366 369 368 401 402 405 404 0 . 0 0.0050000 0.0055000 0.0050000
229 225 367 370 228 261 403 406 264 0 . 0 0.0075000 0.0063000 0.0075000
230 367 368 371 370 403 404 407 406 0 . 0 0.0075000 0.0063000 0.0075000
231 368 369 372 371 404 405 408 407 0 . 0 0.0075000 0.0063000 0.0075000
232 231 373 376 234 267 409 412 270 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
233 373 374 377 376 409 410 413 412 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
234 374 375 378 377 410 411 414 413 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
235 234 376 379 237 270 412 415 273 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
236 376 377 380 379 412 413 416 415 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
237 377 378 381 380 413 414 417 416 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
238 237 379 382 240 273 415 418 276 0 . 0 0.0050000 0.0030000 0.0050000
239 379 380 383 382 415 416 419 418 0 . 0 0.0050000 0.0030000 0.0050000
240 380 381 384 383 416 417 420 419 0 . 0 0.0050000 0.0030000 0.0050000
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241 240 382 385 243 276 418 421 279 0.0 0.0050000 0.0030000 0.0050000
242 382 383 386 385 418 419 422 421 0.0 0.0050000 0.0030000 0.0050000
243 383 384 387 386 419 420 423 422 0 . 0 0.0050000 0.0030000 0.0050000
244 243 385 388 246 279 421 424 282 0.0 0.0050000 0.0050000 0.0050000
245 385 386 389 388 421 422 425 424 0 . 0 0.0050000 0.0050000 0.0050000
246 386 387 390 389 422 423 426 425 0.0 0.0050000 0.0050000 0.0050000
247 246 388 391 249 282 424 427 285 0.0 0.0059000 0.0059000 0.0059000
248 388 389 392 391 424 425 428 427 0.0 0.0059000 0.0059000 0.0059000
249 389 390 393 392 425 426 429 428 0.0 0.0059000 0.0059000 0.0059000
250 249 391 394 252 285 427 430 288 0.0 0.0050000 0.0050000 0.0050000
251 391 392 395 394 427 428 431 430 0.0 0.0050000 0.0050000 0.0050000
252 392 393 396 395 428 429 432 431 0 . 0 0.0050000 0.0050000 0.0050000
253 252 394 397 255 288 430 433 291 0 . 0 0.0050000 0.0050000 0.0050000
254 394 395 398 397 430 431 434 433 0.0 0.0050000 0.0050000 0.0050000
255 395 396 399 398 431 432 435 434 0 . 0 0.0050000 0.0050000 0.0050000
256 255 397 400 258 291 433 436 294 0 . 0 0.0050000 0.0050000 0.0050000
257 397 398 401 400 433 434 437 436 0 . 0 0.0050000 0.0050000 0.0050000
258 398 399 402 401 434 435 438 437 0 . 0 0.0050000 0.0050000 0.0050000
259 258 400 403 261 294 436 439 297 0 . 0 0.0050000 0.0055000 0.0050000
260 400 401 404 403 436 437 440 439 0 . 0 0.0050000 0.0055000 0.0050000
261 401 402 405 404 437 438 441 440 0 . 0 0.0050000 0.0055000 0.0050000
262 261 403 406 264 297 439 442 300 0 . 0 0.0075000 0.0063000 0.0075000
263 403 404 407 406 439 440 443 442 0 . 0 0.0075000 0.0063000 0.0075000
264 404 405 408 407 440 441 444 443 0 . 0 0.0075000 0.0063000 0.0075000
265 267 409 412 270 303 445 448 306 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
266 409 410 413 412 445 446 449 448 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
267 410 411 414 413 446 447 450 449 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
268 270 412 415 273 306 448 451 309 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
269 412 413 416 415 448 449 452 451 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
270 413 414 417 416 449 450 453 452 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
271 273 415 418 276 309 451 454 312 0 . 0 0.0050000 0.0030000 0.0050000
272 415 416 419 418 451 452 455 454 0 . 0 0.0050000 0.0030000 0.0050000
273 416 417 420 419 452 453 456 455 0 . 0 0.0050000 0.0030000 0.0050000
274 276 418 421 279 312 454 457 315 0 . 0 0.0050000 0.0030000 0.0050000
275 418 419 422 421 454 455 458 457 0 . 0 0.0050000 0.0030000 0.0050000
276 419 420 423 422 455 456 459 458 0 . 0 0.0050000 0.0030000 0.0050000
277 279 421 424 282 315 457 460 318 0 . 0 0.0050000 0.0050000 0.0050000
278 421 422 425 424 457 458 461 460 0 . 0 0.0050000 0.0050000 0.0050000
279 422 423 426 425 458 459 462 461 0 . 0 0.0050000 0.0050000 0.0050000
280 282 424 427 285 318 460 463 321 0 . 0 0.0059000 0.0059000 0.0059000
281 424 425 428 427 460 461 464 463 0 . 0 0.0059000 0.0059000 0.0059000
282 425 426 429 428 461 462 465 464 0 . 0 0.0059000 0.0059000 0.0059000
283 285 427 430 288 321 463 466 324 0 . 0 0.0050000 0.0050000 0.0050000
284 427 428 431 430 463 464 467 466 0 . 0 0.0050000 0.0050000 0.0050000
285 428 429 432 431 464 465 468 467 0 . 0 0.0050000 0.0050000 0.0050000
286 288 430 433 291 324 466 469 327 0 . 0 0.0050000 0.0050000 0.0050000
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287 430 431 434 433 466 467 470 469 0 . 0 0.0050000 0.0050000 0.0050000
288 431 432 435 434 467 468 471 470 0 . 0 0.0050000 0.0050000 0.0050000
289 291 433 436 294 327 469 472 330 0 . 0 0.0050000 0.0050000 0.0050000
290 433 434 437 436 469 470 473 472 0 . 0 0.0050000 0.0050000 0.0050000
291 434 435 438 437 470 471 474 473 0 . 0 0.0050000 0.0050000 0.0050000
292 294 436 439 297 330 472 475 333 0 . 0 0.0050000 0.0055000 0.0050000
293 436 437 440 439 472 473 476 475 0 . 0 0.0050000 0.0055000 0.0050000
294 437 438 441 440 473 474 477 476 0 . 0 0.0050000 0.0055000 0.0050000
295 297 439 442 300 333 475 478 336 0 . 0 0.0075000 0.0063000 0.0075000
296 439 440 443 442 475 476 479 478 0 . 0 0.0075000 0.0063000 0.0075000
297 440 441 444 443 476 477 480 479 0 . 0 0.0075000 0.0063000 0.0075000
298 339 481 482 342 375 493 494 378 0 . 0 0.0050000 0.0500000 0.0050000
299 342 482 483 345 378 494 495 381 0 . 0 0.0050000 0.0500000 0.0050000
300 345 483 484 348 381 495 496 384 0.0 0.0050000 0.0500000 0.0050000
301 348 484 485 351 384 496 497 387 0 . 0 0.0050000 0.0500000 0.0050000
302 351 485 486 354 387 497 498 390 0 . 0 0.0050000 0.0500000 0.0050000
303 354 486 487 357 390 498 499 393 0 . 0 0.0059000 0.0059000 0.0059000
304 357 487 488 360 393 499 500 396 0 . 0 0.0050000 0.0500000 0.0050000
305 360 488 489 363 396 500 501 399 0 . 0 0.0050000 0.0050000 0.0050000
306 363 489 490 366 399 501 502 402 0 . 0 0.0050000 0.0500000 0.0050000
307 366 490 491 369 402 502 503 405 0 . 0 0.0050000 0.0500000 0.0050000
308 369 491 492 372 405 503 504 408 0 . 0 0.0050000 0.0500000 0.0050000
309 375 493 494 378 411 505 506 414 0 . 0 0.0050000 0.0500000 0.0050000
310 378 494 495 381 414 506 507 417 0 . 0 0.0050000 0.0500000 0.0050000
311 381 495 496 384 417 507 508 420 0 . 0 0.0050000 0.0500000 0.0050000
312 384 496 497 387 420 508 509 423 0 . 0 0.0050000 0.0500000 0.0050000
313 387 497 498 390 423 509 510 426 0 . 0 0.0050000 0.0500000 0.0050000
314 390 498 499 393 426 510 511 429 0 . 0 0.0059000 0.0059000 0.0059000
315 393 499 500 396 429 511 512 432 0 . 0 0.0050000 0.0500000 0.0050000
316 396 500 501 399 432 512 513 435 0 . 0 0.0050000 0.0050000 0.0050000
317 399 501 502 402 435 513 514 438 0 . 0 0.0050000 0.0500000 0.0050000
318 402 502 503 405 438 514 515 441 0 . 0 0.0050000 0.0500000 0.0050000
319 405 503 504 408 441 515 516 444 0.0 0.0050000 0.0500000 0.0050000
320 411 505 506 414 447 517 518 450 0 . 0 0.0050000 0.0500000 0.0050000
321 414 506 507 417 450 518 519 453 0 . 0 0.0050000 0.0500000 0.0050000
322 417 507 508 420 453 519 520 456 0 . 0 0.0050000 0.0500000 0.0050000
323 420 508 509 423 456 520 521 459 0 . 0 0.0050000 0.0500000 0.0050000
324 423 509 510 426 459 521 522 462 0 . 0 0.0050000 0.0500000 0.0050000
325 426 510 511 429 462 522 523 465 0 . 0 0.0059000 0.0059000 0.0059000
326 429 511 512 432 465 523 524 468 0 . 0 0.0050000 0.0500000 0.0050000
327 432 512 513 435 468 524 525 471 0 . 0 0.0050000 0.0050000 0.0050000
328 435 513 514 438 471 525 526 474 0 . 0 0.0050000 0.0500000 0.0050000
329 438 514 515 441 474 526 527 477 0 . 0 0.0050000 0.0500000 0.0050000
330 441 515 516 444 477 527 528 480 0 . 0 0.0050000 0.0500000 0.0050000
331 481 529 534 482 493 589 594 494 0.0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
332 529 530 535 534 589 590 595 594 0.0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
120
333 530 531 536 535 590 591 596 595 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
334 531 532 537 536 591 592 597 596 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
335 532 533 538 537 592 593 598 597 0.0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
336 482 534 539 483 494 594 599 495 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
337 534 535 540 539 594 595 600 599 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
338 535 536 541 540 595 596 601 600 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
339 536 537 542 541 596 597 602 601 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
340 537 538 543 542 597 598 603 602 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
341 483 539 544 484 495 599 604 496 0 . 0 0.0050000 0.0030000 0.0050000
342 539 540 545 544 599 600 605 604 0.0 0.0050000 0.0030000 0.0050000
343 540 541 546 545 600 601 606 605 0 . 0 0.0050000 0.0030000 0.0050000
344 541 542 547 546 601 602 607 606 0 . 0 0.0050000 0.0030000 0.0050000
345 542 543 548 547 602 603 608 607 0 . 0 0.0050000 0.0030000 0.0050000
346 484 544 549 485 496 604 609 497 0.0 0.0050000 0.0030000 0.0050000
347 544 545 550 549 604 605 610 609 0 . 0 0.0050000 0.0030000 0.0050000
348 545 546 551 550 605 606 611 610 0 . 0 0.0050000 0.0030000 0.0050000
349 546 547 552 551 606 607 612 611 0 . 0 0.0050000 0.0030000 0.0050000
350 547 548 553 552 607 608 613 612 0 . 0 0.0050000 0.0030000 0.0050000
351 485 549 554 486 497 609 614 498 0 . 0 0.0050000 0.0050000 0.0050000
352 549 550 555 554 609 610 615 614 0.0 0.0050000 0.0050000 0.0050000
353 550 551 556 555 610 611 616 615 0 . 0 0.0050000 0.0050000 0.0050000
354 551 552 557 556 611 612 617 616 0 . 0 0.0050000 0.0050000 0.0050000
355 552 553 558 557 612 613 618 617 0 . 0 0.0050000 0.0050000 0.0050000
356 486 554 559 487 498 614 619 499 0 . 0 0.0059000 0.0059000 0.0059000
357 554 555 560 559 614 615 620 619 0 . 0 0.0059000 0.0059000 0.0059000
358 555 556 561 560 615 616 621 620 0 . 0 0.0059000 0.0059000 0.0059000
359 556 557 562 561 616 617 622 621 0 . 0 0.0059000 0.0059000 0.0059000
360 557 558 563 562 617 618 623 622 0 . 0 0.0059000 0.0050000 0.0059000
361 487 559 564 488 499 619 624 500 0 . 0 0.0050000 0.0050000 0.0050000
362 559 560 565 564 619 620 625 624 0.0 0.0050000 0.0050000 0.0050000
363 560 561 566 565 620 621 626 625 0 . 0 0.0050000 0.0050000 0.0050000
364 561 562 567 566 621 622 627 626 0 . 0 0.0050000 0.0050000 0.0050000
365 562 563 568 567 622 623 628 627 0 . 0 0.0050000 0.0050000 0.0050000
366 488 564 569 489 500 624 629 501 0 . 0 0.0050000 0.0050000 0.0050000
367 564 565 570 569 624 625 630 629 0 . 0 0.0050000 0.0050000 0.0050000
368 565 566 571 570 625 626 631 630 0 . 0 0.0050000 0.0050000 0.0050000
369 566 567 572 571 626 627 632 631 0 . 0 0.0050000 0.0050000 0.0050000
370 567 568 573 572 627 628 633 632 0 . 0 0.0050000 0.0050000 0.0050000
371 489 569 574 490 501 629 634 502 0 . 0 0.0050000 0.0050000 0.0050000
372 569 570 575 574 629 630 635 634 0.0 0.0050000 0.0050000 0.0050000
373 570 571 576 575 630 631 636 635 0 . 0 0.0050000 0.0050000 0.0050000
374 571 572 577 576 631 632 637 636 0 . 0 0.0050000 0.0050000 0.0050000
375 572 573 578 577 632 633 638 637 0 . 0 0.0050000 0.0050000 0.0050000
376 490 574 579 491 502 634 639 503 0 . 0 0.0050000 0.0055000 0.0050000
377 574 575 580 579 634 635 640 639 0 . 0 0.0050000 0.0055000 0.0050000
378 575 576 581 580 635 636 641 640 0 . 0 0.0050000 0.0055000 0.0050000
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379 576 577 582 581 636 637 642 641 0 . 0 0.0050000 0.0055000 0.0050000
380 577 578 583 582 637 638 643 642 0 . 0 0.0050000 0.0055000 0.0050000
381 491 579 584 492 503 639 644 504 0.0 0.0075000 0.0063000 0.0075000
382 579 580 585 584 639 640 645 644 0.0 0.0075000 0.0063000 0.0075000
383 580 581 586 585 640 641 646 645 0 . 0 0.0075000 0.0063000 0.0075000
384 581 582 587 586 641 642 647 646 0 . 0 0.0075000 0.0063000 0.0075000
385 582 583 588 587 642 643 648 647 0 . 0 0.0075000 0.0063000 0.0075000
386 493 589 594 494 505 649 654 506 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
387 589 590 595 594 649 650 655 654 0.0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
388 590 591 596 595 650 651 656 655 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
389 591 592 597 596 651 652 657 656 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
390 592 593 598 597 652 653 658 657 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
391 494 594 599 495 506 654 659 507 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
392 594 595 600 599 654 655 660 659 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
393 595 596 601 600 655 656 661 660 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
394 596 597 602 601 656 657 662 661 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
395 597 598 603 602 657 658 663 662 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
396 495 599 604 496 507 659 664 508 0 . 0 0.0050000 0.0030000 0.0050000
397 599 600 605 604 659 660 665 664 0.0 0.0050000 0.0030000 0.0050000
398 600 601 606 605 660 661 6 6 6 665 0 . 0 0.0050000 0.0030000 0.0050000
399 601 602 607 606 661 662 667 6 6 6 0 . 0 0.0050000 0.0030000 0.0050000
400 602 603 608 607 662 663 6 6 8 667 0 . 0 0.0050000 0.0030000 0.0050000
401 496 604 609 497 508 664 669 509 0 . 0 0.0050000 0.0030000 0.0050000
402 604 605 610 609 664 665 670 669 0 . 0 0.0050000 0.0030000 0.0050000
403 605 606 611 610 665 6 6 6 671 670 0 . 0 0.0050000 0.0030000 0.0050000
404 606 607 612 611 6 6 6 667 672 671 0 . 0 0.0050000 0.0030000 0.0050000
405 607 608 613 612 667 6 6 8 673 672 0 . 0 0.0050000 0.0030000 0.0050000
406 497 609 614 498 509 669 674 510 0 . 0 0.0050000 0.0050000 0.0050000
407 609 610 615 614 669 670 675 674 0.0 0.0050000 0.0050000 0.0050000
408 610 611 616 615 670 671 676 675 0 . 0 0.0050000 0.0050000 0.0050000
409 611 612 617 616 671 672 677 676 0 . 0 0.0050000 0.0050000 0.0050000
410 612 613 618 617 672 673 678 677 0 . 0 0.0050000 0.0050000 0.0050000
411 498 614 619 499 510 674 679 511 0 . 0 0.0059000 0.0059000 0.0059000
412 614 615 620 619 674 675 680 679 0 . 0 0.0059000 0.0059000 0.0059000
413 615 616 621 620 675 676 681 680 0 . 0 0.0059000 0.0059000 0.0059000
414 616 617 622 621 676 677 682 681 0 . 0 0.0059000 0.0059000 0.0059000
415 617 618 623 622 677 678 683 682 0 . 0 0.0059000 0.0059000 0.0059000
416 499 619 624 500 511 679 684 512 0 . 0 0.0050000 0.0050000 0.0050000
417 619 620 625 624 679 680 685 684 0.0 0.0050000 0.0050000 0.0050000
418 620 621 626 625 680 681 6 8 6 685 0 . 0 0.0050000 0.0050000 0.0050000
419 621 622 627 626 681 682 687 6 8 6 0 . 0 0.0050000 0.0050000 0.0050000
420 622 623 628 627 682 683 6 8 8 687 0 . 0 0.0050000 0.0050000 0.0050000
421 500 624 629 501 512 684 689 513 0 . 0 0.0050000 0.0050000 0.0050000
422 624 625 630 629 684 685 690 689 0 . 0 0.0050000 0.0050000 0.0050000
423 625 626 631 630 685 6 8 6 691 690 0 . 0 0.0050000 0.0050000 0.0050000
424 626 627 632 631 6 8 6 687 692 691 0 . 0 0.0050000 0.0050000 0.0050000
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425 627 628 633 632 687 6 8 8 693 692 0 . 0 0.0050000 0.0050000 0.0050000
426 501 629 634 502 513 689 694 514 0 . 0 0.0050000 0.0050000 0.0050000
427 629 630 635 634 689 690 695 694 0 . 0 0.0050000 0.0050000 0.0050000
428 630 631 636 635 690 691 696 695 0 . 0 0.0050000 0.0050000 0.0050000
429 631 632 637 636 691 692 697 696 0 . 0 0.0050000 0.0050000 0.0050000
430 632 633 638 637 692 693 698 697 0 . 0 0.0050000 0.0050000 0.0050000
431 502 634 639 503 514 694 699 515 0 . 0 0.0050000 0.0055000 0.0050000
432 634 635 640 639 694 695 700 699 0 . 0 0.0050000 0.0055000 0.0050000
433 635 636 641 640 695 696 701 700 0 . 0 0.0050000 0.0055000 0.0050000
434 636 637 642 641 696 697 702 701 0 . 0 0.0050000 0.0055000 0.0050000
435 637 638 643 642 697 698 703 702 0 . 0 0.0050000 0.0055000 0.0050000
436 503 639 644 504 515 699 704 516 0 . 0 0.0075000 0.0063000 0.0075000
437 639 640 645 644 699 700 705 704 0 . 0 0.0075000 0.0063000 0.0075000
438 640 641 646 645 700 701 706 705 0 . 0 0.0075000 0.0063000 0.0075000
439 641 642 647 646 701 702 707 706 0 . 0 0.0075000 0.0063000 0.0075000
440 642 643 648 647 702 703 708 707 0 . 0 0.0075000 0.0063000 0.0075000
441 505 649 654 506 517 709 714 518 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
442 649 650 655 654 709 710 715 714 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
443 650 651 656 655 710 711 716 715 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
444 651 652 657 656 711 712 717 716 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
445 652 653 658 657 712 713 718 717 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
446 506 654 659 507 518 714 719 519 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
447 654 655 660 659 714 715 720 719 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
448 655 656 661 660 715 716 721 720 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
449 656 657 662 661 716 717 722 721 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
450 657 658 663 662 717 718 723 722 0 . 0 0.0050000 0 . 0 0 2 0 0 0 0 0.0050000
451 507 659 664 508 519 719 724 520 0 . 0 0.0050000 0.0030000 0.0050000
452 659 660 665 664 719 720 725 724 0 . 0 0.0050000 0.0030000 0.0050000
453 660 661 6 6 6 665 720 721 726 725 0 . 0 0.0050000 0.0030000 0.0050000
454 661 662 667 6 6 6 721 722 727 726 0 . 0 0.0050000 0.0030000 0.0050000
455 662 663 6 6 8 667 722 723 728 727 0 . 0 0.0050000 0.0030000 0.0050000
456 508 664 669 509 520 724 729 521 0 . 0 0.0050000 0.0030000 0.0050000
457 664 665 670 669 724 725 730 729 0 . 0 0.0050000 0.0030000 0.0050000
458 665 6 6 6 671 670 725 726 731 730 0 . 0 0.0050000 0.0030000 0.0050000
459 6 6 6 667 672 671 726 727 732 731 0 . 0 0.0050000 0.0030000 0.0050000
460 667 6 6 8 673 672 727 728 733 732 0 . 0 0.0050000 0.0030000 0.0050000
461 509 669 674 510 521 729 734 522 0 . 0 0.0050000 0.0050000 0.0050000
462 669 670 675 674 729 730 735 734 0 . 0 0.0050000 0.0050000 0.0050000
463 670 671 676 675 730 731 736 735 0 . 0 0.0050000 0.0050000 0.0050000
464 671 672 677 676 731 732 737 736 0 . 0 0.0050000 0.0050000 0.0050000
465 672 673 678 677 732 733 738 737 0 . 0 0.0050000 0.0050000 0.0050000
466 510 674 679 511 522 734 739 523 0 . 0 0.0059000 0.0059000 0.0059000
467 674 675 680 679 734 735 740 739 0 . 0 0.0059000 0.0059000 0.0059000
468 675 676 681 680 735 736 741 740 0 . 0 0.0059000 0.0059000 0.0059000
469 676 677 682 681 736 737 742 741 0 . 0 0.0059000 0.0059000 0.0059000
470 677 678 683 682 737 738 743 742 0 . 0 0.0059000 0.0059000 0.0059000









478 685 6 8 6
479 6 8 6  687







































6 8 6  685 740
687 6 8 6  741










































739 744 524 0.0
740 745 744 0.0
741 746 745 0.0
742 747 746 0.0
743 748 747 0.0













751 756 755 0.0
752 757 756 0.0
753 758 757 0.0
754 759 527 0.0
755 760 759 0.0


































































































































































































































-0 . 0 0 0 1 0
-0 . 0 0 0 1 0
-0 . 0 0 0 1 0
-0 . 0 0 0 1 0
-0 . 0 0 0 1 0
-0 . 0 0 0 1 0
-0 . 0 0 0 1 0
-0 . 0 0 0 1 0
- 0.00010
-0 . 0 0 0 1 0
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0 . 0 0 0 0 0 91 4
0 . 0 0 0 0 0 94 4
0 . 0 0 0 0 0 97 4
0 . 0 0 0 0 0 335 2
0 . 0 0 0 0 0 340 2
0 . 0 0 0 0 0 345 2
0 . 0 0 0 0 0 350 2
0 . 0 0 0 0 0 355 2
0 . 0 0 0 0 0 360 2
0 . 0 0 0 0 0 365 2
0 . 0 0 0 0 0 370 2
0 . 0 0 0 0 0 375 2
0 . 0 0 0 0 0 380 2
0 . 0 0 0 0 0 385 2
0 . 0 0 0 0 0 390 2
0 . 0 0 0 0 0 395 2
0 . 0 0 0 0 0 400 2
0 . 0 0 0 0 0 405 2
0 . 0 0 0 0 0 410 2
0 . 0 0 0 0 0 415 2
0 . 0 0 0 0 0 420 2
0 . 0 0 0 0 0 425 2
0 . 0 0 0 0 0 430 2
0 . 0 0 0 0 0 435 2
0 . 0 0 0 0 0 440 2
0 . 0 0 0 0 0 445 2
0 . 0 0 0 0 0 450 2
0 . 0 0 0 0 0 455 2
0 . 0 0 0 0 0 460 2
0 . 0 0 0 0 0 465 2
0 . 0 0 0 0 0 470 2
0 . 0 0 0 0 0 475 2
0 . 0 0 0 0 0 480 2
0 . 0 0 0 0 0 485 2
0 . 0 0 0 0 0 490 2
0 . 0 0 0 0 0 495 2
H FLX
C FLX
* specifies the meaning o f the data, w ill not be included in the data file.
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nelem=(numx - 1 )*(num y-l )*(num z - 1 )
numcomp( 1 )=numx 
numcomp(2 )=numy 
numcomp(3)=numz













do 1 0  n= l,m axnum -l 
do 1 0  nn= 1 ,mednum - 1 
do 1 0  nnn= l,m innum -l 
node(meshnum, 1 )=nnn+(nn - 1 )*m innum +(n - 1  )*m innum*mednum 
node(meshnum,2 )=node(meshnum, 1 )+minnum*mednum 
node(meshnum,3)=node(meshnum,2)+l 
node(meshnum,4)=node(meshnum, I )+ l 
node(meshnum,5)=node(meshnum, 1 )+minnum 




1 0  continue
return
end
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C: the simple program is used to generated the input data for 
C: bennchmark case 1 in Appendix A.
dimension x(1300), y(1300),z(1300)
do 10 1=1,656,16 
x (i)= 2 .5 *(i- l)/1 6








x (i+ 9 )-2 .5 *(
x(i+10)=2.5*(





y(i)= 0 . 0
y ( i+ l ) = 1 0




y(i+ 6 ) = 2 0
y(i+7)=30
y(i+ 8 )= 0 . 0
y(i+9)=10
y (i+ 1 0 ) = 2 0
y ( i+ ll)= 3 0



















z(i)= 0 . 0
z (i+ l)= 0 . 0
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z(i+ 6 )= -l 
z(i+7)=-l 
z(i+ 8 ) = - 2  
z(i+9)=-2 
z(i+I0)=-2 





1 0  continue
a=0 . 0
head=2 0 0 . 0
conc=1 0 . 0
flux= 0 . 1
nside=4
open( 15, file=  ’pollute 2 .dat’,status=\inknown ") 
write(15,*) pollute total sym m tric’ 
write(15,*)656,41,4,4 
do 20 1=1,656 
write( 15,100)i,x(i),y(i),z(i)
2 0  continue
do 30,1=1,360 
write(15,*)j,0, 8.64,8.64,8.64
do 40 j= l,1 5  
40 vvriteC 15,300),’ ’,j,head
vvrite(15,500),HEAD’ 
write(15,500),’CONC’ 
do 60 k=352,360 
60 writeC 15,400),’ ’,flux,k,2
writeC 15,500), H F L X ’ 
w rited  5,500), C F L X ' 
close(15)
100 formate Ix,i5,2x,3f8.4)
200 formate 1 x,i5,2x,f8.4,2x,f 12.4,2f8.4)
300 FORMATe6X,A4,I10,5X,F10.5)
400 F0R M ATe6X,A4,F l 0.5,2110)
500 formate6x,A4)
end
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